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Abstract  
The objectives of this research were to 1) determine the variability of fecal-indicator 
bacteria in Gulf of Mexico marine waters, 2) determine the effect of environmental variables on 
enterococci concentrations, 3) determine if beach sand at Holly Beach, LA was capable of acting 
as a reservoir for fecal-indicator bacteria, and 4) determine if a model could be developed to 
reduce the time it takes to issue a beach swim advisory. 
Fecal-indicator bacteria concentrations varied from year to year in historical data 
collected from a Gulf Coast beach.  Afternoon fecal-indicator bacteria concentrations were 
consistently lower than morning concentrations, demonstrating daily variability. Environmental 
variables recorded from morning sampling events also varied from year to year and presented no 
clear connection to yearly fecal-indicator bacteria concentration variations.  Beach sands 
contained enterococci (geometric mean of 43 ± 848 MPN per 100 g wet sand) and also provided 
enterococci the ability to persist and even regrow (geometric mean of 57 ± 1,541 MPN per 100 g 
wet sand). 
Laboratory experiments confirmed the ability of solar radiation to inactivate large 
concentrations of enterococci (>24,196 MPN per 100 mL) across a range of salinities (0, 5, 15, 
20, 25 ppt) in as little as four hours, which explained the decrease in enterococci concentrations 
over the course of the day.  Increased turbidity (70 and 140 NTU) prevented complete 
inactivation of enterococci, which partially explained why enterococci, although lower than 
morning samples, were still found in afternoon samples at coastal beaches.  Experiments 
demonstrated that after solar inactivation, no appreciable reactivation of enterococci occurred 
overnight. 
An exponential decay model and a regression model were applied to predict enterococci 
concentrations along a Gulf Coast beach, although their use alone was not effective in issuing 
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beach swim advisories.  The decay coefficient (k) generated for the exponential decay model was 
0.120 hr
-1
.  The regression model found that enterococci were influenced by the variables year, 
salinity, water temperature, wind speed, total rainfall within 48 hours prior to sampling, sunny, 
weather, and mean tide level.  However, the regression model only accounted for a small portion 
of variability (R
2 
= 0.20) in predicting enterococci concentrations. 
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Chapter 1:  Global Introduction 
1.1 Background 
Water is essential to sustain human life.  Throughout time, civilizations developed around 
bodies of water that provided a drinking water source and transportation routes for citizens.  As 
developments evolved, the same water bodies became polluted and posed serious health issues to 
those using the water as a drinking source.  The same process occurred during the urbanization 
of the United States (US).  Early water quality studies related to the frequency of infectious 
disease were reported by Simons et al. (1922).  The application of bacterial guidelines in marine 
waters was first proposed by Winslow and Moxon (1928).  Winslow and Moxon (1928) 
completed a study on New Haven Harbor where typhoid fever was correlated to exposure to 
local polluted waters.  Coburn (1930) also proposed bacterial guidelines for marine waters based 
on coliform concentrations just as the works of Simons et al. (1922) and Winslow and Moxon 
(1928).   
In response to the degrading water quality in the U.S., Congress passed the Federal Water 
Pollution Control (FWPC) Act of 1948 to clean up the nation’s water ways.  In 1968, a national 
fecal coliform guideline of 200 MPN (Most Probable Number per 100 mL) for marine and fresh 
waters was proposed by the National Technical Advisory Committee as a bacteriological water 
quality standard (NTAC 1968). The guideline was recommended based on a series of 
epidemiological health studies, summarized by Stevenson (1953) on Lake Michigan and the 
Ohio River, that found a specific correlation between illness incidence and bathing in waters of a 
particular bacterial quality.  The FWPC Act of 1948 was revised by many amendments, some of 
which became better known as the Clean Water Act (CWA) of 1972.  The two main goals of the 
CWA of 1972 were to have zero discharge of pollutants by 1985 and to establish water quality 
that would be fishable and swimmable (Silyok 2001).  Based on the recommendations of the 
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NTAC (1968) and studies conducted by Cabelli and Dufour in 1972, the Unites States 
Environmental Protection Agency (USEPA) proposed bacteriological water quality guidelines 
based on fecal coliforms.  Cabelli et al. (1983) also found that enterococci yielded a strong 
correlation to gastrointestinal illness in beachgoers at polluted beaches.  Therefore in 1986, the 
USEPA revised the bacteriological monitoring criteria as shown in Table 1.1 below. 
Table 1.1:  Criteria for Indicator for Bacteriological Densities at Beaches 
  
Indicator 
Organism 
Steady State 
Geometric Mean 
Density 
Maximum 
Allowable 
Density 
Freshwater E. coli 126 235 
 
Enterococci   33   61 
Marine Water Enterococci   35 104 
Reported as MPN/100 mL 
     
The steady state criteria are based on a geometric mean of generally not less than five 
samples equally spaced over a 30-day period.  The concentrations were chosen based on health 
risk levels of 8 and 19 gastrointestinal illnesses per 1,000 swimmers at freshwater and marine 
beaches, respectively, which were estimated to be equivalent to the risk levels for the 200 MPN 
fecal coliform criteria (Salas 1986).  A review of other epidemiological studies also concurs with 
the fact that higher morbidity is expected among bathers as compared to non-bathers, but 
correlations between specific symptoms and bacterial indicator concentrations vary considerably 
(Saliba and Helmer 1990).  Similar forms of biological water quality standards based on 
coliforms, fecal coliforms, E. coli, and enterococci as indicators are used around the world in the 
US, Europe, Brazil, Colombia, Cuba, Ecuador, Mexico, Peru, Puerto Rico, Venezuela, France, 
Israel , Japan, Poland, Yugoslavia, and China (Salas 1986).   
A comprehensive review of early literature dealing with the survival of indicator bacteria 
was compiled by Rudolfs et al. (1950).  Cabelli (1977) further provided requirements for an 
indicator organism as follows: a) The indicator should be consistently and exclusively associated 
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with the source of the pathogens. b) It must be present in sufficient numbers to provide an 
accurate density estimate whenever the level of each of the pathogens is such that the risk of 
illness is unacceptable. c) It should approach the resistance to disinfectants and environmental 
stress, including toxic materials deposited therein, of the most resistant pathogen potentially 
present at significant levels in the sources. d) It should be quantifiable in recreational waters by 
reasonably facile and inexpensive methods and with considerable accuracy, precision, and 
specificity.  Thomann and Mueller (1987) and Sloat and Ziel (1992) later revised the criteria for 
an indicator organism: 1) Be easily detected using simple laboratory tests. 2) Generally not be 
present in unpolluted waters. 3) Appear in concentrations that can be correlated with the extent 
of contamination. 4) Have a die-off rate that is not faster than the die-off rate of the pathogens of 
concern. 
Because 53% of Americans live near coastal beach waters (Crossett et al. 2004), the 
USEPA passed an amendment to the CWA titled the Beaches Environmental Assessment and 
Coastal Health (BEACH) Act of 2000, which requires states to individually develop programs to 
effectively monitor coastal recreation beach water quality (BEACH Act 2000).  Under the 
guidelines of the BEACH Act, the USEPA provided grants for states to use in the development 
of monitoring and notification programs.  The monitoring of coastal beach water quality is 
important, because exposure to microbial pollution has been known to cause outbreaks of 
gastrointestinal disease, respiratory, ear, eye, and skin infections, meningitis, and hepatitis (Rose 
et al. 1999).  The microbial pollution may be a result of fecal contamination caused by municipal 
wastewater, urban runoff, or direct deposits of fecal matter.  When fecal contamination occurs in 
coastal beach water, beachgoers are at an elevated risk of becoming ill due to the pathogens in 
the water (Craun et al. 2005).  As part of the BEACH Act, coastal beach water quality managers 
4 
are mandated to monitor pathogen and pathogen indicator bacteria concentrations and issue 
advisories to protect beachgoers when the criteria levels have been exceeded.   
1.2 Indicator Bacteria Monitoring 
1.2.1 Current Monitoring Practices 
Pathogen indicator bacteria, also known as fecal-indicator bacteria, are used in water 
quality monitoring practices mandated by the BEACH Act of 2000 as a predictor of fecal 
contamination potentially caused by humans or animals.  Human exposure to higher levels of 
fecal-indicator bacteria has been shown to coincide with an elevated risk of acquiring a 
gastrointestinal and respiratory illness (e.g. Cabelli et al. 1982; Kay et al. 1994; WHO 1998; 
Haile et al. 1999; Shuval 2003; Wade et al. 2003).  Aside from demonstrating a strong 
correlation with gastrointestinal illness, fecal-indicator bacteria are used in water quality 
monitoring practices because they are easier to measure than the hard to detect pathogenic 
bacteria.  Fecal coliforms are members of the family of coliform bacteria commonly found in the 
intestine of warm-blooded organisms and are facultative-anaerobic, rod-shaped, gram-negative, 
non-sporulating bacteria capable of growth in the presence of bile salts or similar surface agents, 
oxidase negative, and produce acid and gas from lactose within 48 hours at 44 ± 0.5°C (Doyle et 
al. 2006).  E. coli are members of the fecal coliform group.  Enterococci are gram-positive, 
catalase-negative, facultative anaerobic cocci that possess the ability to grow in 6.5% NaCl 
broth, at pH 9.6, at 10°C and at 45°C, and have the group D-antigen present (Devriese 2006).  
Research has shown that enterococci in marine water and E. coli in freshwater have a strong 
correlation between swimming related illness and beachgoers, which makes them good indicator 
bacteria (Cabelli 1983; Pruss 1998).   
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The first objective of the BEACH Act of 2000 requires monitoring of coastal beach 
waters.  Beach monitoring program administrators use a recommended three-tiered monitoring 
approach for coastal beaches for fecal-indicator bacteria as described below (USEPA 2002b).  
Each state ranks the coastal beaches based on the degree of beach usage and known water quality 
from adjacent waters.  Once the beaches are ranked, an appropriate monitoring tier is applied to 
each beach to provide different levels of monitoring and public notification.  Beaches with larger 
amounts of swimmers, resulting in a higher number of swimmers at risk of contracting an illness, 
receive higher levels of monitoring and public notification (Tier 1 > Tier 2 > Tier 3).  Tier 1 and 
Tier 2 beaches are monitored at least one month before start of swimming season until end of 
swimming season on a weekly basis.  The difference between the two is Tier 1 beaches have 
sampling stations that are closer to one another (< 500 meters) than Tier 2 (> 500 meters), and 
Tier 2 beaches might not be monitored as often depending on proximity to suspected sources, 
beach use, historical water quality data, and other risk factors.  Tier 3 beaches are sampled at 
least one month before start of swimming season until end of swimming season at a less frequent 
rate than Tier 1 and Tier 2 beaches.  Additional sampling may occur when samples are found to 
exceed the regulatory criteria, after a sewage spill or pollution event, or after a heavy rainfall 
event.  Samples should be collected in knee to waist deep water at each sampling station, 
preferably next to known pollution sources if identified (USEPA 2002b). 
Marine water samples are analyzed for fecal-indicator bacteria using different analytical 
methods according to Standard Methods for the Examination of Water and Wastewater (APHA 
2005) and the American Society for Testing and Materials (ASTM).  Membrane-filtration (MF) 
and liquid broth tests (presence-absence and MPN formats) are used for identification and 
enumeration of fecal-indicator bacteria.  EPA Method 1600 (a single-step MF procedure) and 
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EPA Method 1106.1 (a two-step MF procedure) can be used in the analysis of enterococci.  
Modified EPA Method 1103.1 (a single-step MF procedure) and EPA Method 1103.1 (a two-
step MF procedure) can be used to analyze samples for E. coli.  Other EPA approved methods 
include Standard Methods 9221B.1/9221F (multiple tube fermentation technique) for fecal 
coliforms and E. coli, Standard Methods 9222B/9222G or 9222D/9222G (MF tests for E. coli), 
and Standard Method 9230B for enterococci.  Specific media are used to identify the desired 
type of fecal-indicator bacteria being analyzed in the MF and liquid broth tests.  Enzyme 
substrate tests are also used in fecal-indicator bacteria analysis.  USEPA approved enzyme 
substrate media include Colilert and Enterolert (IDEXX, Westbrook, Maine), Readycult® (EMD 
Chemicals, Gibbstown, N.J.), E*colite™ (Charm Sciences, Lawrence, Mass.), and Colitag™ 
(CPI International, Santa Rosa, Calif.) (Myers 2007).  These tests use single-use reagent packs 
and culture bottles provided by the manufacturer for presence and absence test formats.  The 
enzyme substrate tests can also follow the MPN format using multiple-well disposable trays in 
which the sample is poured into, sealed, and incubated according to manufacturer specifications.  
IDEXX Laboratories, Inc. produces the Quanti-Tray and Quanti-Tray 2000 which are commonly 
used multiple-well trays in the enzyme substrate MPN format with Colilert and Enterolert media.  
The enzyme substrate method (Enterolert) demonstrated no statistically significant difference in 
results compared to the membrane filtration (Budnick et al. 1996).    
The second objective of the BEACH Act requires states to notify the public when water 
quality samples are found to exceed fecal-indicator bacteria criteria.  The most common criteria 
used in marine and freshwaters were reported by USEPA (1986) and listed in Table 1.1.  When 
fecal-indicator bacteria criteria are exceeded, beach monitoring officials notify the public by 
placing swimming advisory signs on the affected beaches and/or by posting advisories through 
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various media sources, including the internet.  In 2009, beach advisories hit their sixth-highest 
level in the 20 years the Natural Resources Defense Council (NRDC) has been tracking them 
(NRDC 2010).   The swimming advisories usually do not close the beach, but rather caution the 
public to the potentially harmful effects of ingesting beach water.  However, beach closures 
around the country do occur when known sources of pollution are openly discharging into public 
water bodies. 
1.2.2 Shortcomings of Current Monitoring Practices 
While current monitoring programs have remained similar over the years, several issues 
have developed that hinder the effectiveness of bacteriological water quality monitoring.  The 
use of indicator bacteria as accurate indicators of fecal contamination has been questioned due to 
natural existence of the indicator bacteria in coastal waters.  Also the time-lag associated with 
bacterial analyses is such that the actual water quality can change before an advisory is issued.  
Environmental variables and beach sands, soils, and sediments could also affect the abundance 
of fecal-indicator bacteria concentrations. 
  McFeters et al. (1974) detail the fact that coliform bacteria and enterococci have varying 
die-off rates among similar cultures in repeated studies, so any change in the aquatic 
environment could result in a change in bacterial concentration.  The variability of bacterial die-
off rates modeled by Crane and Moore (1985) were due to physical, chemical, atmospheric, and 
biological factors.  Fecal coliforms and enterococci of human origin are only viable for the 24 
hours immediately following the discharge of bacteria into the receiving body of water, because 
the ratio in natural intestinal bacterial populations exposed to the aquatic environment diminishes 
to a point where it is no longer of significance in determining the source of the contamination, 
when considering bacteria that originated from domestic sewage (Geldreich et al. 1969; 
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McFeters et al. 1974).  The presence of pathogenic microorganisms in sewage impacted coastal 
waters indicates that the corresponding disease is already prevalent in the microbial population 
(Moore 1975).  Therefore, new occurrences of indicator bacteria are hard to detect. 
Because early epidemiological studies were based on the correlation of indicator bacteria 
concentrations with public surveys about health symptoms, beach goers may become ill from 
sources other than beach waters.  Gerba et al. (1979) found that enteroviruses were detected 43 
percent of the time in recreational waters considered acceptable as judged by coliform standards 
alone and 44 percent of the time when judged by fecal coliform standards alone.  This 
demonstrates another weakness of using an indicator organism to indicate the presence of disease 
causing microbes. 
The effect of environmental variables on fecal-indicator bacteria concentrations is 
another issue associated with beach water quality monitoring.  One of the most significant 
environmental factors impacting fecal-indicator bacteria concentrations is solar radiation.  
Studies have shown that solar radiation can be detrimental to the survival of fecal-indicator 
bacteria in seawater (e.g. Fujioka et al. 1981; Davies-Colley et al. 1994; Sinton et al. 1999; 
Boehm et al. 2009).  Boehm et al. (2002) found that as solar irradiance increased, fecal-indicator 
bacteria concentrations decreased in a two week field study where hourly water samples were 
collected.  Alkan et al. (1995) determined that the fecal-indicator bacteria die-off rates in marine 
waters were influenced by the variability of solar radiation intensity and the microenvironmental 
factors turbidity, sewage, and vertical mixing profile.  A review of literature data on inactivation 
kinetics of disinfection with UV irradiation demonstrate that the process is effective against all 
pathogenic micro-organisms relevant for the current drinking water practices (Hijnen et al. 
2006).  An additional factor caused by solar irradiance is the role of oxygen in marine waters.  
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Reed (1997) and Reed et al. (2000) demonstrate that for the inactivation of fecal-indicator 
bacteria by sunlight, there is an oxygen requirement.  Davies-Colley et al. (1997), Davies-Colley 
et al. (1999), and Sinton et al. (2002) found that inactivation in waste stabilization pond effluents 
was primarily caused by ultraviolet-B (UV-B) rays from sunlight.  Because the process was 
partly oxygen dependent, the result suggests that some of the fecal-indicator bacteria was 
inactivated through photooxidation.   While photobiological damage to bacterial cells due 
oxygen in an excited or radical state caused by sunlight occurs, some bacteria possess the ability 
to repair DNA (Jagger 1985).  However, Eisenstark (1989) found that UV-A waves inhibited this 
repair process.   
A study conducted by Boehm et al. (2002) found that after fecal-indicator bacteria were 
inactivated by solar radiation they did not reactivate after sunset.  If fecal-indicator bacteria are 
not reactivating, then some other source of fecal-indicator bacteria must continuously replenish 
the near-shore beach waters overnight.  Point sources of fecal contamination (sewage outfalls) 
are easily to blame for this in areas with known point source discharges.  However, in areas 
without known point source discharges, the problem still exists.  With solar radiation having 
such a highly destructive impact on fecal-indicator bacteria, the time that samples are collected 
for monitoring programs is very important.  If samples are collected too late in the morning, solar 
radiation may be reducing the fecal-indicator bacteria concentration to a level safe for 
recreational beaches that otherwise would have been unsafe at an early sampling time. 
Another potential factor contributing to concentrations in beach waters is the presence of 
fecal-indicator bacteria in sands, soils, and sediments.  Early studies confirmed the presence and 
survival of organisms in soils (Maddock 1933; Rhines 1935; Beard 1940; Mallmann and Litsky 
1951; Van Donsel et al. 1967).  Beach sands and sediments have been found to contain fecal-
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indicator bacteria and act as a diffuse source to beach waters (Yamahara et al. 2007).  Fecal-
indicator bacteria in beach sands have been documented at freshwater and saltwater beaches 
(Alm et al. 2003; Shibata et al. 2004).  Fecal-indicator bacteria in beach sands is also common 
across the country in diverse climates, having been found in backshore sands of Lake Michigan, 
saltwater marsh and beach sands in California, and riverbank soils of Florida (Solo-Gabriele et 
al. 2000; Grant et al. 2001; Byappanahalli et al. 2006).   
An extensive review of fecal-indicator bacteria in beach sands was compiled by Halliday 
and Gast (2011) that calls for further research into the introduction, distribution, and persistence 
of fecal-indicator bacteria and pathogens in beach sands.  These additional fecal-indicator 
bacteria reservoirs cause problems for beach water quality managers, because the sand and 
sediment can be transported to the near-shore waters through various transport processes and 
affect water quality.  Beach sands may be part of the recharge source of fecal-indicator bacteria 
at non-point source beaches.  Boehm and Weisberg (2005) found that tide level changes affect 
enterococci concentrations.  The study suggests that higher tides can transport fecal-indicator 
bacteria to near-shore waters from enterococci enriched sands, decaying wrack, and bird feces 
near the high tide water line.   
An experiment to determine the best extraction method for enterococci from beach sands 
was conducted by Boehm et al. (2009) and found that the simplest method of extraction was also 
the best method (two minute hand shaking in phosphate-buffered saline or deionized water, a 30-
second settling time, one rinse step and a 10:1 eluant volume to sand weight ratio).  Fecal-
indicator bacteria have also shown the ability to survive and regrow in beach sands and 
sediments (Hartel et al. 2005; Hartz et al. 2008).  With the ability to persist and potentially 
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regrow in beach sands and sediments, beachgoers are at an elevated risk of illness when in 
contact with the beach sands (Heaney et al. 2009).   
Aquatic vegetation can also contain fecal-indicator bacteria (Byappanahalli et al. 2003; 
Lyons et al. 2010; Badgley et al. 2011).  Fecal-indicator bacteria in submerged aquatic 
vegetation does not necessarily signify a large environmental reservoir, because the submerged 
aquatic vegetation and sediment should be normalized to land surface area for a more balanced 
perspective on fecal-indicator bacteria concentration in various matrices of an aquatic system 
(Badgley et al. 2011).  Fecal-indicator bacteria have been found to attach to copepods and 
plankton in lake and seawaters and use this surface interaction as a protective mechanism 
(Signoretto et al. 2004; Signoretto et al. 2005).  This is a problem because current beach 
management practices do not account for exposure to beach sands and aquatic vegetation as a 
source of illness. 
Present day water quality monitoring programs are also affected by the time lag 
associated with bacterial analysis.  Current USEPA approved methods yield results within 18-96 
hours of incubation.  However, studies show that temporal changes of fecal-indicator bacteria 
concentrations vary at much shorter time scales, which may lead to public mis-notification of the 
actual beach water quality (Leecaster et al. 2001; Kim et al. 2004; Rabinovici et al. 2004; 
Boehm et al. 2002).   Fecal-indicator bacteria concentrations also vary with solar and tidal cycles 
and can vary by as much as 60 percent on average between consecutive samples and by as much 
as 700 percent (Whitman et al. 2004; Boehm et al. 2005; Boehm 2007).  Enzyme substrate 
analytical methods help reduce the time of analysis compared to membrane filtration techniques, 
although the time lag is still relatively long (Budnick et al. 1996). 
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The use of rapid detection methods for bacterial analysis, such as quantitative polymerase 
chain reaction (qPCR), is being reviewed by the USEPA in order to address beach management 
advisories that are subjected to delayed results (Dick and Field 2004; Haugland et al. 2005; 
Boehm 2007; Morgan et al. 2007; Layton et al. 2010).  Whitman et al. (2010) found that 
statistical relationships existed between the cell equivalent (CCE) counts using qPCR and the 
colony forming units (CFU) from traditional plating methods, and suggest that empirical 
relationships between CCE and CFU can be developed.  Furthermore, less variability was 
observed in the qPCR estimates among samples with higher CFU concentrations (typically 
log10CFU above 2.0 per 100 mL) (Whitman et al. 2010).  Whitman et al. (2010) also shows that 
qPCR could potentially be used in water quality monitoring to minimize the time lag associated 
with current bacteriological analytical methods.  Rapid ultrafiltration technologies have been 
developed that speed up the results to two and a half hours using biosensor detection compared 
with three to four hours for qPCR based methods (Leskinen and Lim 2008).   A comprehensive 
review of technologies for rapid detection of bacteria in recreational waters has been compiled 
by Noble and Weisberg (2005) suggesting that rapid detection methods be used to alleviate the 
time lag associated with current analytical methods. 
Predictive models have been developed to assist beach water quality managers in issuing 
more timely beach swim advisories based on fecal-indicator bacteria concentrations (Crowther et 
al. 2003; Kay et al. 2005; Nevers and Whitman 2005; Francy et al. 2006; Hou et al. 2006; Wade 
et al. 2006; Frick et al. 2008).  Predictive models are currently used in conjunction with 
analytical results to determine beach water quality.  The USEPA encourages use of predictive 
models to assist in the nowcasting and forecasting of beach water quality due to poor temporal 
correlation of indicator organism concentrations.  Colford et al. 2007 points out that the 
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predictive models are better suited for beaches affected by point sources of fecal contamination, 
whereas beaches affected by non-point sources showed no clear association between fecal-
indicator bacteria and swimmer health risks.  Therefore, site-specific predictive models are more 
likely to be employed.   
 While the previously mentioned factors affect fecal-indicator bacteria concentrations in 
beach monitoring programs, other potential factors still exist.  Boehm et al. (2003) found that 
subsurface water contaminated with sewage was a source of fecal-indicator bacteria to the 
surrounding water.   Polluted groundwater could possibly be the explanation behind the cause of 
fecal-indicator bacteria in near-shore coastal waters for non-point source affected beaches.   
Another source of fecal-indicator bacteria is birds and other small animals (Oshiro et al. 1995; 
Kirschner et al. 2004).  The feces from the birds can be deposited on dry sands that can be 
transported into the surf zone, or onto wet sands that can be washed through tidal effects.    
 Current beach water quality monitoring practices are performed in the US in order to 
protect and alert the public to potentially harmful water conditions.  Unfortunately, the time-lag 
associated with current methodologies yields results and advisories of beach water quality that 
may have changed since the time of sample collection, leading to public mis-notification.  Rapid 
detection methods and predictive models have been developed and are being tested to help speed 
up the time needed to generate beach swim advisories.  The rapid detection methods require 
extensive independent testing before they can be adopted for use in beach water quality monitoring. 
Sunlight is detrimental to the persistence of fecal-indicator bacteria in marine waters, so the time 
that water samples are collected is important when determining the quality of the beach water.   
Other sources that provide fecal-indicator bacteria to near-shore waters are beach sands, 
sediment, aquatic vegetation, subsurface waters, and birds.  Unfortunately, current beach water 
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quality monitoring practices do not account for these additional sources of fecal-indicator 
bacteria.  
Along the northern Gulf of Mexico, the Louisiana Department of Health and Hospitals 
(LDHH) manages the Louisiana Beach Monitoring Program.  The LDHH collects water quality 
samples along coastal Louisiana recreational beaches on Monday mornings during the 
recreational beach season which lasts from May through October.  Beach swim advisories are 
issued when fecal-indicator bacteria concentrations in the collected samples are out of 
compliance.  Swim advisories due to fecal-indicator bacteria criteria exceedences are posted at 
the sampling stations as well as online to notify the public of the potential negative health 
effects.  In Louisiana, the primary contact regulatory criteria state that fecal coliform 
concentrations shall not exceed a geometric mean of 200 MPN (Most Probable Number per 100 
mL), and enterococci concentrations in seawaters shall not exceed a geometric mean of 35 MPN 
and a single sample maximum of 104 MPN (LDHH 2003).  Fecal-indicator bacteria are 
enumerated using various standard analytical techniques to give an estimated concentration 
based on the most probable number method.  This method of water quality monitoring is not 
unlike systems used around the world (Yamahara et al. 2007). 
1.3 Research Objectives 
The overall goal of the thesis project was to investigate the factors affecting fecal-indicator 
bacteria concentrations in Gulf of Mexico marine waters.  In order to attain this goal, research 
was focused on four objectives:   
1. determine the variability of fecal-indicator bacteria in Gulf of Mexico marine waters 
2. determine the effect of environmental variables on enterococci concentrations  
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3. determine if beach sand at a Gulf of Mexico beach was capable of acting as a reservoir 
for fecal-indicator bacteria 
4. determine if a model could be developed to reduce the time it takes to issue a beach swim 
advisory 
Historical and statistical analyses were performed to determine if any of the 
environmental variables collected were related to fecal-indicator bacterial densities.  The 
environmental variables may be related to enterococci concentrations, because enterococci are 
more prevalent in near-shore marine waters.  Enterococci relate better than total coliforms, fecal 
coliforms, or E. coli to the risk of gastrointestinal illness while swimming in marine waters 
(Boehm et al., 2005), so the focus of research and work was with enterococci.  Sand was 
strategically collected from various points at various depths in order to determine if enterococci 
were present in the sand, and if any enterococci concentration gradients could be established.  If 
the sand does indeed act as a reservoir, then the enterococci concentrations in the near-shore 
waters could be directly impacted.  Other laboratory experiments were conducted to determine 
the effect of several environmental variables on enterococci.  The results of these experiments 
provide insight into the effect of environmental variables on enterococci concentrations along the 
northern Gulf of Mexico coast. 
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Chapter 2: Water Quality Monitoring at Holly Beach 
2.1 Introduction 
In the United States (US), environmental regulations are imposed to promote and protect 
public health.  Water quality studies monitoring infectious disease from various water bodies in 
the US were completed in the early 1900s and led to the first bacteriological guidelines in 
seawater (Simons et al. 1922; Winslow and Moxon 1928; Coburn 1930).  These studies 
prompted Congress to pass the Federal Water Pollution Control Act of 1948 and amendments 
that led to the Clean Water Act (CWA) of 1972 as a basis for eliminating toxic substances in the 
waters of the United States.   
Taking into account that 53% of Americans live near coastal waters (Crossett et al. 
2004), the USEPA passed the Beaches Environmental Assessment and Coastal Health (BEACH) 
Act of 2000, which requires states to monitor coastal recreational waters for harmful pathogens 
and to notify the public when they may be at risk of acquiring an illness due to contact with 
polluted waters (BEACH Act 2000).  When monitored pathogen indicator concentrations are out 
of compliance, beach managers post swim advisories that alert the public that swimming and 
other recreational beach activities resulting in water ingestion may cause an elevated risk of 
illness, especially for susceptible individuals such as young children, the elderly, and those with 
weakened immune systems.  Beach water quality monitoring is necessary due to the growing 
concern of public health risks associated with swimming in polluted beach waters.   
 The Louisiana Department of Health and Hospitals (LDHH) manages the Louisiana 
Beach Monitoring Program.  The LDHH collects water quality samples along coastal Louisiana 
recreational beaches on Monday mornings during the recreational beach season which lasts from 
May through October.  Beach swim advisories are issued when fecal-indicator bacteria 
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concentrations in the collected samples are out of compliance.  Swim advisories due to fecal-
indicator bacteria criteria exceedences are posted at the sampling stations as well as online to 
notify the public of the potential negative health effects.  Fecal-indicator bacteria are used as 
predictors of potential fecal contamination caused by humans and/or animals, because they have 
a strong correlation with hard-to-detect, harmful pathogens.  The most commonly monitored 
fecal-indicator bacteria at coastal recreation beaches are fecal coliforms, E. coli, and enterococci 
(USEPA 1986).  Enterococci are a more adequate indicator of gastrointestinal illness in seawater, 
while E. coli are used at freshwater beaches (Wade et al. 2003).   
In Louisiana, the primary contact regulatory criteria state that fecal coliform 
concentrations shall not exceed a geometric mean of 200 MPN (Most Probable Number per 100 
mL), and enterococci concentrations in seawaters shall not exceed a geometric mean of 35 MPN 
and a single sample maximum of 104 MPN (LDHH 2003).  Fecal-indicator bacteria are 
enumerated using various standard analytical techniques to give an estimated concentration 
based on the most probable number (MPN) method.  This method of water quality monitoring is 
not unlike systems used around the world (Yamahara et al. 2007).   
The overall goal of this work was to determine the variability of fecal-indicator bacteria 
concentrations and environmental variables along a Gulf Coast beach.  In order to accomplish 
the goal, temporal differences at two scales were considered: a) Yearly fecal-indicator bacteria 
concentrations and b) Daily fecal-indicator bacteria concentrations.  Data was gathered and 
examined from Holly Beach, a coastal Gulf of Mexico beach in Louisiana. Holly Beach has a 
history of high levels of indicator bacteria concentrations.  The yearly fecal-indicator bacteria 
concentrations were considered to determine if the beach health due to fecal-indicator bacteria is 
compromised.  The daily fecal-indicator bacteria concentrations were considered to determine if 
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the time of sampling could affect beach swimming advisories by potentially generating 
advisories not truly representative of the health of the beach.  
2.1.1 Site Description 
Holly Beach, located along the Gulf Coast of Cameron Parish in southwest Louisiana, is 
one of the two most attractive beaches in Louisiana (LDHH 2003).  Holly Beach is a 5.5 
kilometer beach that is monitored on a weekly basis during the beach recreation season (May 1 
to October 31) that has a history of a large number of beach swim advisories being issued due to 
elevated fecal-indicator bacteria concentrations.   
Figure 2.1:  Holly Beach is located in southwest Louisiana along the Gulf Coast 
Before Hurricanes Katrina and Rita impacted the area in 2005, typical usage of the beach 
was 150 people per weekday, 1,000 people per weekend, and 6,000 per holiday (LDHH 2003).  
The hurricanes caused the residential population and use of the beach to greatly decline, although 
usage is returning to pre-hurricane levels (LDHH 2009). 
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2.2 Methodology 
Water samples from Holly Beach were collected as described in the methods below using 
techniques from Standard Methods for the Examination of Water and Wastewater (APHA 2005) 
and the American Society for Testing and Materials (ASTM 2005).  Several environmental 
variables were recorded along with the bacteriological concentrations: water temperature, wind 
direction, wind speed, salinity, and mean tide level.  Morning and afternoon samples were 
compared to determine if temporal differences exist between bacteriological samples.  Also in 
afternoon samples, several in-situ water quality parameters were gathered: chlorophyll-a, 
turbidity, pH, conductivity, and dissolved oxygen. 
2.2.1 Water Sample Collection 
Weekly water samples were collected from Holly Beach, Louisiana, which is monitored 
by the LDHH under the Louisiana BEACH Monitoring Program.  The LDHH collects seawater 
from six sampling stations (Holly Beach 1 to 6) that were approximately 500 meters apart from 
one another on a continuous beach segment.  The LDHH samples were collected on Monday 
mornings between 7:00 a.m. and 8:00 a.m.  To examine temporal differences of fecal-indicator 
bacteria during the day, LSU collected samples from two stations (Holly Beach 2 and 4) during 
the afternoon between 1:00 p.m. and 3:00 p.m., on days where the LDHH collected morning 
samples from May to October during the 2010 sampling season.  Although there were no 
significant differences amongst individual sampling sites, Holly 2 and 4 were selected because 
they were the boundaries of the area where most beachgoers were found during initial site visits.  
This area had the highest probability of beachgoer exposure to potentially elevated bacterial 
concentrations. 
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At each sampling station in the morning and afternoon, weather conditions and water 
temperature were documented.  Dissolved oxygen, conductivity, salinity, and pH were measured 
at the time of collection of the afternoon samples.  Wind speed, wind direction, and tide level 
were obtained from the National Oceanic and Atmospheric Administration’s (NOAA) database.  
Water samples were collected in sterile plastic specimen containers at a depth of 30 cm below 
surface in areas with depths of close to one meter deep.   During sampling, care was taken that 
underwater sands were not disturbed and the water was flowing toward the sampler, to prevent 
contamination.  The samples were stored on ice in an insulated cooler at approximately 1 to 4°C 
until they reached the laboratory and were analyzed within six hours of collection according to 
USEPA guidelines (USEPA 2002a). 
For morning samples, LDHH followed protocol set forth by the Louisiana BEACH 
Program Quality Assurance Project Plan (LA BEACH QAPP).  For the afternoon samples, one 
field duplicate and one field split was collected according to establish a quality control.  For the 
field duplicate, a second sample was collected at the same location as the routine sample at the 
selected sampling sites.  The field split sample was collected in a 540 mL Whirl-Pak
®
 bag. The 
bag was closed and shaken vigorously for a minute to ensure complete mixing of the sample.  
After mixing, the sample was ‘split’ into two pre-labeled sterile sample containers, leaving a 
small air space for mixing (LDHH 2007).   
2.2.2 Analytical Methods 
2.2.2.1 Coliforms 
In the laboratory, total coliforms, fecal coliforms, and E. coli were analyzed using 
Method 9221, the Multiple-Tube Fermentation Technique for Members of the Coliform Group 
from Standard Methods for the Examination of Water and Wastewater (APHA 2005).   Each 
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sample was run in duplicate using lauryl tryptose broth in the presumptive phase of the multiple-
tube fermentation test.  The LT broth was prepared at a strength that would not reduce when 
sample water was added to the broth.  There were three dilutions used in the analysis of the 
seawater (10, 1, and 0.1 mL).  Presumptive positives were then subjected to Method 9221 E and 
F to test for fecal coliforms and E. coli. 
Fecal coliforms and E. coli were distinguished from the total coliform group using EC-
MUG (E. coli - 4 methylumbelliferyl-β-D-glucuronide) medium according to Method 9221 E 
and F.  Tubes with gas production with growth after 24 ± 2 hr indicated a positive fecal coliform 
reaction.   Failure to produce gas indicated a negative fecal coliform reaction.  All positive EC-
MUG medium tubes were examined for fluorescence using a long wave ultraviolet (UV) lamp.  
The presence of a bright blue fluorescence was considered a positive indicator of E. coli.  
Positive and negative control cultures were used to assist in the interpretation of results.  All 
positive tubes using the Multiple-Tube Fermentation Technique were quantified to find an 
estimation of bacterial density using the Most Probable Number (MPN) Index.  
2.2.2.2 Enterococci 
The USEPA approved standard test method for enterococci in water using Enterolert
®
 
(ASTM Method #D6503-99) was used to analyze the beach water samples.  This method 
incorporates IDEXX’s Defined Substrate Technology (DST) Enterolert® medium to detect 
enterococci.  Samples fluoresce when enterococci utilize their ß-glucosidase enzyme to 
metabolize Enterolert’s nutrient-indicator 4-methyl-umbelliferyl ß-Ɗ-glucoside.  All samples 
were run in duplicate.  The resulting positive wells were translated into an estimation of 
enterococci density using MPN Tables provided by IDEXX. 
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2.2.2.3 Chlorophyll-a 
Chlorophyll-a analysis was performed according to Method 10200 H (APHA 2005) and 
USEPA Method 445.0.  For each seawater sample, 50 mL of sample was filtered onto a 
Whatman GF/F glass fiber filter (47-mm diameter) and frozen in a petri dish in an incubator at 
4°C without exposure to light by wrapping in foil until time for analysis.  Each sample was 
analyzed in duplicate.  
2.2.2.4 Turbidity 
Turbidity was analyzed according to Method 2130 B (APHA 2005) using a portable 
HACH turbidity meter.  Each analysis was performed in duplicate.  Resulting measurements 
were reported in nephelometric turbidity units (NTU). 
2.2.3 Data Analysis 
 Statistical analyses were completed using SAS (v. 9.2).  Bacterial concentrations were 
log-normal transformed for analysis purposes.  Geometric means were used to summarize the 
bacteriological data because the geometric mean tends to dampen the effect of very high or low 
values, which might bias the mean if a straight average (arithmetic mean) was calculated.  The 
fecal-indicator bacteria concentration at each of the individual Holly Beach sampling stations 
(Holly 1 to Holly 6) was combined to form a continuous beach segment in order to increase 
statistical power during analysis (LDHH 2009).  The multiple sampling points were treated as 
replications of samples collected from Holly Beach because the differences among sampling 
sites were not significant.  One-way analysis of variance (ANOVA) was used to analyze yearly 
bacteria concentrations along with environmental variables.  A t-test was used to analyze the 
temporal differences between morning and afternoon fecal-indicator bacteria concentrations.  
Statistical analyses were completed at the 95% confidence level. 
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2.3 Results and Discussion 
2.3.1 Yearly Variation of Fecal-Indicator Bacteria - Historical 
The yearly recreational swimming season mean for the environmental variables collected 
as part of the beach monitoring program are shown in Table 2.1.  The mean water temperature 
ranged from 25 to 28°C, the mean salinity ranged from 21 to 28 ppt, the mean wind direction 
ranged from 147 to 208°, the mean wind speed ranged from 2.93 to 4.09 m·s
-1
, and the mean tide 
level ranged from 1.9 to 22.4 cm.  All of the environmental variable were statistically different 
from yeat to year (p < 0.0001), which has been observed in literature (Lohrenz et al. 1994).   
Table 2.1: Summary statistics for environmental variables monitored from 2005 to 2010 
    
Water Temp. 
(°C) 
Salinity 
(ppt) 
Wind Direction 
(Degrees) 
Wind Speed 
(m·s
-1
) 
Tide  
(cm) 
Year n Mean ± S.D. Mean ± S.D. Mean ± S.D. Mean ± S.D. Mean ± S.D. 
2005 159 26 ± 4.6 24 ± 6.7 180 ± 120 2.93 ± 2.31 16.5 ± 21.4 
2006 96 28 ± 2.7 25 ± 4.3 210 ± 120 3.24 ± 1.70 1.9 ± 13.9 
2007 211 27 ± 3.4 23 ± 4.9 210 ± 120 2.96 ± 2.19 22.4 ± 13.7 
2008 166 26 ± 4.0 21 ± 8.0 150 ± 110 4.09 ± 2.45 14.0 ± 24.6 
2009 180 25 ± 4.0 28 ± 6.4 190 ± 100 3.29 ± 1.68 16.5 ± 23.4 
2010 180 26 ± 3.7 24 ± 6.7 180 ± 110 3.20 ± 2.71 18.7 ± 17.9 
Data gathered by the LDHH 
 
        The year by year morning geometric mean fecal coliform and enterococci concentrations 
collected by the LDHH from the 2005 through 2010 sampling seasons can be found in Table 2.2.  
The sample collection period varies with sample collection beginning in March 2005 through 
October 2005 and then from April through October from 2006 to 2010.  Because of the varying 
sampling periods and hurricanes impacting the region, the number of samples collected varies 
from year to year.  The yearly recreational swim season geometric mean fecal coliform               
(p = 0.0004) and enterococci (p < 0.0001) concentrations demonstrated significant differences 
amongst the sampling years. 
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Table 2.2: Summary statistics for yearly fecal-indicator bacteria 
monitoring results 
  
Fecal Coliforms Enterococci 
Year n Geometric Mean ± S.D. Geometric Mean ± S.D. 
2005 159 7.2 ± 3.6 31 ± 3.3 
2006 96 4.3 ± 4.7 39 ± 4.8 
2007 211 5.2 ± 2.9 44 ± 3.6 
2008 166 8.3 ± 3.7 81 ± 4.0 
2009 180 6.0 ± 3.7 63 ± 4.3 
2010 180 6.9 ± 4.7 167 ± 5.7 
Fecal-Indicator Bacteria reported in MPN per 100 mL 
  
Data gathered by the LDHH 
 
The geometric mean recreational swimming season fecal coliform concentration ranged 
from 4.3 to 8.3 MPN per 100 mL (MPN), while the geometric mean enterococci concentration 
ranged from 31 to 167 MPN.  Although the geometric mean recreational swimming season 
enterococci concentration mainly increased from 2005 to 2010, the geometric mean fecal 
coliform concentration remained relatively constant (Figure 2.2).  The fact that the enterococci 
concentrations were consistently higher than the fecal coliform concentrations was not 
uncommon given that work by Hanes and Fragala (1967) demonstrated enterococci survived 
better in seawater.  The 2010 geometric mean enterococci concentration was more than twice as 
high as any other year.  Although the concentration follows the increasing trend, there was no 
clear reason for the as to why the increase in this year was so steep. 
The historical sampling results showed that both the fecal-indicator bacteria 
concentrations and envrionmental variable significantly vary from year to year.  The high 
variation of fecal-indicator bacteria observed at Holly Beach concurs with that of other beaches 
as discussed in literature  (Grant et al. 2001; Boehm 2002; Boehm et al. 2002).  Enterococci 
concentrations were consistently higher than fecal coliform concentrations in all years examined.  
Enterococci concentrations also appeared to increase over the time span, while fecal coliform 
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concentrations remained relatively constant.   Enterococci concentrations were expected to be 
higher than fecal coliforms in seawater (Cabelli et al. 1982 and Cabelli 1983), but the cause for 
the increase over the last few years remained unknown.  The sampling site had no known 
contributors of fecal-indicator bacteria other than beachgoers and wildlife.  Although results 
were not reported here, similar results were found at other northern Gulf Coast beaches (LDHH 
2009). 
 
 
Figure 2.2:  Mean log-transformed fecal-indicator bacteria concentrations at Holly Beach 
from 2005 to 2010.  The mean enterococci concentration has steadily increased over the six 
year span, while the fecal coliform concentration has remained relatively constant. 
 
The environmental variables did not clearly explain the cause of the variation in fecal-
indicator bacteria concentrations from year to year.  Since no one environmental variable could 
clearly define what causes fecal-indicator bacteria concentrations to vary from year to year, 
predictive models could potentially be used to better understand the underlying relationship 
between multiple environmental variables and fecal-indicator bacteria concentrations (Kay et al. 
2005; Wade et al. 2006; Frick et al. 2008; LDHH 2008). 
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2.3.2 Daily Variation of Fecal-Indicator Bacteria 
During the 2010 sampling season, the geometric mean afternoon fecal coliform 
concentration was 3.4 ± 2.7 MPN, the geometric mean E. coli concentration was 3.0 ± 2.5 MPN, 
and the geometric mean enterococci concentration was 12 ± 2.5 MPN.  The morning and 
afternoon sampling results from May through October were compared to assess the temporal 
variation over the course of a day (Table 2.3).  Fecal coliform and enterococci concentrations 
were examined, because they are used in issuing beach swim advisories.  E. coli data was 
collected in the afternoon, but not by the LDHH in the morning, so a comparison could not be 
generated. 
Table 2.3: 2010 Water quality sampling results comparing morning and afternoon fecal-indicator 
bacteria concentrations at Holly 2 and Holly 4 individually as well as together 
      Fecal Coliforms Enterococci 
Site ID Time n Geometric Mean ± S.D. Pr > |t| Geometric Mean ± S.D. Pr > |t| 
Holly 2 
AM 26 5.3 ± 3.6 
0.122 
150 ± 5.9 
< 0.0001 
PM 26 3.2 ± 2.5 14 ± 2.6 
Holly 4 
AM 26 5.7 ± 4.7 
0.223 
198 ± 4.9 
< 0.0001 
PM 26 3.7 ± 2.8 11 ± 2.4 
Combined 
AM 52 5.5 ± 4.1 
0.051 
172 ± 5.3 
< 0.0001 
PM 52 3.4 ± 2.7 12 ± 2.5 
Fecal-Indicator Bacteria Reported in MPN per 100 mL 
Data gathered by LSU from May to October 
 
 
    The afternoon fecal coliform and enterococci concentrations were lower than the 
concentrations in the morning.  The fecal coliform concentrations were not significantly different 
between the morning and afternoon, but the enterococci concentrations demonstrated a 
significant difference from morning to afternoon when the sampling stations were analyzed 
individually, as well as combined (p < 0.0001).  The results show that while there was variation 
in fecal-indicator bacteria concentrations over the course of a day, enterococci concentrations 
experienced a greater difference than fecal coliforms.  The large daily variation of enterococci 
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concentrations concurs with the work of Boehm (2007), which demonstrated that enterococci 
concentrations change by 60 percent on average in consecutive samples, and by as much as 700 
percent.  Figure 2.3 shows how the enterococci concentration in the afternoon was consistently 
and significantly lower than in the morning. 
 
 
 
 
 
 
 
Figure 2.3: Mean morning and afternoon enterococci concentration at Holly 2 and Holly 4 
from May (1) through October (26) showing that the afternoon concentration was consistently 
lower than the morning concentration of enterococci.   
The variation in fecal-indicator bacteria concentration over the course of the day may 
have been due in part to environmental factors.  One environmental factor that was known to be 
destructive to fecal-indicator bacteria concentrations in seawater was sunlight (e.g. Fujioka et al. 
1981; Davies-Colley et al. 1994; Alkan et al. 1995).  If solar radiation was affecting the 
concentrations, then the time that the samples were collected in the morning could be affecting 
the concentration.  Samples collected later in the day would have more sunlight exposure that 
could reduce fecal-indicator bacteria concentrations as evidenced by the low concentrations 
found in the afternoon samples during this study.  Resulting swim advisories may not have been 
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issued whereas they would have been had the sample been collected earlier in the morning where 
larger fecal-indicator bacteria concentrations were found. 
Results for the environmental variables and additional in-situ parameters monitored in the 
afternoon are shown in Table 2.4.  With the afternoon concentrations of fecal-indicator bacteria 
being lower and in many cases close to non-detectable levels, a clearly observable relationship 
between the environmental variables and additional in situ-paramters with fecal-indicator 
bacteria concentrations was difficult to establish.  Upon further investigation, as turbidity 
increased, so did the afternoon enterococci concentration.  The upper 25 percent of enterococci 
concentrations in the afternoon were over 20 MPN and occurred when the turbidity was above 
136 NTU.  The upper 10 percent of enterococci concentrations were over 56 MPN with the 
turbidity over 260 NTU.  The increased levels of turbidity could be protecting the enterococci 
from the harmful effects of solar radiation.  Alkan et al. (1995) found that decreasing levels of 
bacteria die-off rate occurred with increasing levels of turbidity up to a critical level 
(approximately 0.6 of absorbance). 
Table 2.4: Summary statistics for afternoon environmental variables for 
2010 collected by LSU 
Variable n Mean ± Std. Dev. 
Water Temp. (°C) 52 29.9 ± 2.6 
Salinity (ppt) 52 19.7 ± 5.1 
Wind Direction (degrees) 52 220 ± 96.7 
Wind Speed (m·s
-1
) 52 4.3 ± 2.6 
Tide Level (cm) 52 19.2 ± 19.2 
Chlorophyll-a (mg·m
-3
) 52 23.8 ± 16.2 
Turbidity (NTU) 52 154 ± 138 
pH 52 8.20 ± 0.20 
Conductivity (mS·cm
-1
) 52 32.2 ± 7.5 
Dissolved Oxygen (mg·L
-1
) 52 7.14 ± 7.14 
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2.4 Other Events and Observations 
In September 2005, Hurricanes Rita made landfall in southwest Louisiana.  The impact of 
the storms prevented routine beach water sampling from taking place for the remainder of the 
2005 sampling season.  In 2006, the number of samples collected from impacted areas was 
reduced due to the inaccessibility of several coastal beaches including Holly Beach.  Normal 
routine sampling resumed in 2007 through 2010.  In 2008, Hurricane Ike also made landfall on 
coastal southwest Louisiana, though routine sampling of Holly Beach was uninterrupted.   
 On April 20, 2010, the British Petroleum (BP) owned Deepwater Horizon offshore oil 
drilling rig exploded and sank off the coast of Louisiana causing the largest offshore oil spill in 
United States history.  The oil affected much of the Gulf Coast, stretching from Texas to 
southern Florida.  The oil freely flowed into the Gulf until a temporary cap was placed on July 
15, 2010.  The well was declared dead on September 19, 2010 after relief wells were drilled 
around the well.   
While the Hurricanes and Deepwater Horizon oil spill afftected the Gulf Coast, their 
impact on fecal-indicator bacteria concentrations was not well understood.  Hurricanes 
undoubtedly caused physical changes along the coastline.  In 2006, the year after Hurricane Rita, 
the geometric mean enterococci concentration only slightly increased while the fecal coliform 
concentration decreased.  After Huricane Ike, both the geometric mean enterococci and fecal 
coliform concentrations declined in 2009.  The sharpest increase in geometric mean enterococci 
concentration was experienced during the 2010 sampling season in which the Gulf Coast was 
affected by the Deepwater Horizon oil spill.  The yearly geometric means may suggest that the 
hurricanes and oil spill affected the fecal-indicator bacteria concentrations, though more research 
would be needed to reach a definite conclusion. 
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Also during the sampling events completed by LSU, several other observations were 
made.  Wildlife could potentially contribute to the enterococci concentrations in the near-shore 
beach waters through direct contamination of animal feces.  There were several types of animals 
found at Holly Beach, with a large number of seagulls and pelicans on the beach.  A study by 
Grant et al. (2001) found marsh water exposed to beach sediment containing bird feces that were 
wet or dry at the time of collection yielded high enterococci concentrations.  The deposited feces 
could be washed into the near-shore beach waters during high tide and contribute to the 
enterococci concentration.  Recent sampling events noted higher enterococci concentrations in 
waters that contained large amounts of seaweed.  Lyons et al. (2010), and Signoretto et al. 
(2004) and (2005) found that enterococci persist in the aquatic marine environment due to suface 
interactions with copepods, plankton, and other organic aggragates.  Holly Beach is known for 
having an abundance of seaweed, so enterococci may have been able to persist throughout the 
day through interactions with the seaweed. 
Samples were also collected in the afternoon from a ditch than ran parallel to the Gulf of 
Mexico across the highway from Holly Beach.  While there was only one afternoon enterococci 
single sample maximum criteria exceedance at sampling sites Holly Beach 4 and Holly Beach 2 
during the May to October sampling period (26 sampling events), there were two afternoon 
enterococci single sample maximum criteria exceedances and five weeks of geometric mean 
criteria exceedance at the ditch sampling site for the sampling period between May and July (10 
sampling events).  A site investigation was conducted to find any possible outfalls that would 
connect the ditch to the beach.  One outfall was found that had an open culvert under the 
highway that opened to the beach, although the ditch water did not cross the beach and empty 
into the Gulf of Mexico.  The afternoon geometric mean enterococci concentration during the 10 
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weekly sampling events from May to July at Holly Beach 4 and Holly Beach 2 was 10 MPN 
while the geometric mean enterococci concentration in the ditch was 46 MPN.  No connection 
between the ditch and beach enterococci concentrations was established, although further testing 
would be needed for confirmation. 
2.5 Conclusions 
 Historical water quality sampling results show that fecal-indicator bacteria concentrations 
varied from year to year.  As expected in seawater, enterococci concentrations were consistently 
higher than fecal coliform concentrations.  Although there has been an increase in the 
enterococci concentration, there have been no identified point sources that can be deemed an 
outfall providing the near-shore beach waters with bacteria.  Afternoon fecal-indicator bacteria 
concentrations were consistently lower than morning concentrations, thus proving that temporal 
differences in bacteriological water quality sampling exist throughout the day.  Enterococci were 
consistently found in higher concentrations than fecal coliforms both in the morning and 
afternoon with a surge in the morning enterococci concentration in 2010.  Enterococci 
concentrations were expected to be higher than fecal coliform concentrations in the marine Gulf 
of Mexico waters.  The environmental variables recorded from morning sampling events varied 
from year to year and present no clear connection to yearly fecal-indicator bacteria concentration 
variations, although increased turbidity levels generally resulted in higher afternoon enterococci 
concentrations.   
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Chapter 3: Environmental Factors Influencing the Abundance of Enterococci in 
Gulf Coast Beach Waters 
 
3.1 Introduction 
The Beaches Environmental Assessment and Coastal Health (BEACH) Act of 2000 
requires states to monitor coastal recreation beach water bodies for fecal-indicator bacteria (fecal 
coliforms and enterococci) and notify the public when bacteriological criteria are exceeded.  
Human exposure to high concentrations of enterococci has been shown to coincide with an 
elevated risk of acquiring a gastrointestinal and respiratory illness, which makes enterococci a 
more adequate indicator in seawater water than fecal coliforms and E. coli (Cabelli et al. 1982; 
Cabelli 1983; Wade et al. 2003).   Per regulatory criteria, enterococci concentrations in seawater 
shall not exceed a geometric mean of 35 MPN (Most Probable Number per 100 mL) and a single 
sample maximum of 104 MPN (USEPA 1986).   
Across the United States (US), of the 3,819 coastal beaches that were monitored, 1,642 
(43%) had at least one advisory or closure during the beach recreation season (USEPA 2010).  
According to the USEPA, states and territories reported 6,203 notification actions during the 
2009 swimming season.  Most (88%) lasted a week or less, while 60% (3,719 actions) lasted just 
one or two days (USEPA 2010).  The monitoring results across the US demonstrated that 
bacteriological criteria exceedences resulting in advisories were a common problem. 
There are several factors impacting enterococci concentrations in seawater including 
solar radiation, salinity, turbidity, and beach sands.  Solar radiation was a significant factor 
because enterococci concentrations in seawater could be drastically reduced in the presence of 
sunlight, whereas they were able to persist for days without exposure to sunlight (Fujioka et al. 
1981; Davies-Colley et al. 1994).  A study by Fujioka et al. (1981) determined that the 90 
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percent of fecal streptococci were inactivated (T90) within 60 to 180 minutes of sunlight 
exposure.  Davies-Colley et al. (1994) found solar radiation of 5.8 MJ m
-2
 produces 90 percent 
inactivation (S90) for sunlight exposed enterococci.  Davies-Colley et al. (1994) also states that 
enterococci require 2.3 times more solar radiation exposure than fecal coliforms to reach 90 
percent inactivation.  The mean observed T90 for enterococci was found to be between 1.39 and 
1.14 hours.  Alkan et al. (1995) determined that enterococci die-off rates in seawater were 
influenced by the variability of solar radiation intensity.  Enterococci concentrations decreased as 
solar radiation increased, and inactivated enterococci did not reactivate after sunset as noted by 
Boehm et al. (2002).   
Salinity and turbidity could also affect fecal-indicator bacteria concentrations.  Sampling 
waters with a lower salinity were associated with higher levels of fecal-indicator bacteria (Lipp 
et al. 2001).  Gulf of Mexico seawater was found to have an average salinity of 24 ppt (parts per 
thousand) over a six year monitoring period during seasonal recreation beach sampling.  
Suspended sands in the near-shore seawater due to turbulence caused an increase in turbidity and 
may be providing protection from the effects of salinity and sunlight.  Beach sands provide 
osmotic protectors that could alleviate the effects of high salinities (Gerba and McLeod 1976).  
Die-off rates of fecal-indicator bacteria concentrations in seawater due to solar radiation 
decreased with increasing levels of turbidity (Alkan et al. 1995).   
Beach sand along coastal beaches was one possible source of enterococci.  Coastal beach 
sands could contain and act as a reservoir for fecal-indicator bacteria (e.g. Oshiro et al. 1995; 
Alm et al. 2003; Ferguson et al. 2005; Yamahara et al. 2007).  Enterococci in the beach sands 
could also be transported to near-shore seawater through tidal effects (Boehm and Weisberg 
2005; Yamahara et al. 2009).  Boehm et al. (2009) found that the enterococci concentration in 
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beach sand could exceed the enterococci concentration in the adjacent seawater on a per mass 
basis, often by orders of magnitude.   Enterococci experience long-term persistence and even 
regrowth in beach sands according to by Hartel et al. (2005) and  Byappanahalli et al. (2006).  
Beach sand offers a more effective barrier to damaging UV radiation than water alone 
(Burkhardt et al. 2000).   Enterococci may also persist in beach sands because they possess the 
ability to tolerate high salt concentrations (6.5 percent NaCl) in sands (USEPA 2002a).  If fecal-
indicator bacteria are not reactivating overnight in seawater, then beach sands could be a 
potential source of enterococci that continuously replenish the near-shore seawater overnight.   
Fecal-indicator bacteria are exposed to the beach environment (beach sands and water) in 
areas with known point sources, but at non-point source affected beaches, fecal-indicator bacteria 
still exist.  Therefore, water quality surrounding the beach may be directly impacted by 
enterococci in the beach sand rather than direct contamination of the water.  Heaney et al. (2009) 
conducted over 27,000 interviews with beachgoers at seven US beaches and assessed the degree 
of sand exposure during the visit.  Then, 10-12 days after the initial visit, beachgoers were 
telephoned to answer questions about health symptoms experienced since going to the beach.  
Direct contact with beach sand (digging and being buried) was associated with an elevated risk 
of gastrointestinal illness and diarrhea, so exposure to beach sands is just as critical to beachgoer 
health as exposure to seawater (Heaney et al. 2009).   
Historical recreational beach water quality data was gathered along the Louisiana Gulf 
Coast by the Louisiana Department of Health and Hospitals (LDHH).  Figure 3.1 shows the 
yearly log-transformed mean enterococci and fecal coliform concentrations collected by the 
LDHH at Holly Beach.   
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Figure 3.1:    Mean log-transformed fecal-indicator bacteria concentrations at Holly Beach from 
2005 to 2010.  The mean enterococci concentration has steadily increased over the six year span, 
while the fecal coliform concentration has remained relatively constant. 
 
The LDHH has found that in each year since 2005, all swim advisories were due to 
exceedances of enterococci criteria, with over 96% of advisory days in 2008 due to geometric 
mean criterion exceedance (LDHH 2009).  In 2010, LSU gathered water samples in the 
afternoon during the recreation season and determined that geometric mean afternoon 
enterococci concentrations (12 MPN) were significantly lower than in the morning (172 MPN). 
With the vast majority of swim advisories due to enterococci criteria exceedences, studies were 
conducted to better understand the effect of environmental factors on enterococci concentrations 
in Gulf Coast seawater.   
The overall goal of this work was to determine the factors that affect enterococci 
abundance at Gulf Coast beaches.  To accomplish the goal, three factors were considered: a) the 
role of beach sands as a potential reservoir for enterococci; b) the effect of sunlight on 
enterococci in seawater; c) the effect of salinity and turbidity on enterococci in seawater. 
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3.2 Methodology 
3.2.1 Site Description 
Field water and sand samples were collected from Holly Beach along the Gulf Coast of 
southwest Louisiana (Figure 3.2).  Holly Beach is a 5.5 kilometer beach that was monitored by 
the LDHH on a weekly basis during the recreation season (LDHH 2009).  Before Hurricanes 
Katrina and Rita impacted the area in 2005, typical usage of the beach was 150 people per 
weekday, 1,000 people per weekend, and 6,000 per holiday (LDHH 2003).  The hurricanes 
caused the residential population and use of the beach to greatly decline, although usage is 
slowly returning to pre-hurricane levels (LDHH 2009).  Since monitoring began in 2005, 
enterococci concentrations at Holly Beach routinely resulted in beach swim advisories (LDHH 
2009). 
Figure 3.2:   Holly Beach located in southwest Louisiana along the Gulf Coast 
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3.2.2 Field Water Sampling 
Water samples from Holly Beach were collected as described below using techniques 
from Standard Methods for the Examination of Water and Wastewater (2005) and the American 
Society for Testing and Materials (2005).  Weekly water samples were collected from Holly 
Beach, Louisiana, which was monitored by the LDHH under the Louisiana BEACH Monitoring 
Program.  The LDHH collected seawater from six sampling stations (Holly 1 to 6) that were 
approximately 500 meters apart from one another on a continuous beach segment.  The LDHH 
samples were collected on Monday mornings between 7:00 a.m. and 8:00 a.m.  To establish 
temporal differences of fecal-indicator bacteria during the day, LSU collected samples from two 
stations (Holly Beach 2 and 4) during the afternoon between 1:00 p.m. and 3:00 p.m., on days 
where the LDHH collected morning samples.  Although there were no significant differences 
amongst individual sampling sites, Holly 2 and 4 were selected because they were the boundaries 
of the area where most beachgoers were found during initial site visits.   
Water samples were collected in sterile plastic specimen containers.  The samples were 
collected at a depth of 30 cm in areas with depths of close to one meter.   During sampling, care 
was taken that underwater sands were not disturbed and the water was flowing toward the 
sampler, to prevent contamination.  The samples were stored on ice in an insulated container at 
approximately 1 to 4°C until they reached the laboratory and were analyzed within six hours of 
collection according to USEPA guidelines (USEPA 2002a). 
3.2.3 Field Sand Sampling 
Sand samples were collected as described below to determine if the beach sand could be 
a potential source of enterococci.  Sand samples were collected from the beach site as part of 
routine beach monitoring sample collection on: 1) March 31, 2010; 2) April 16, 2010; 3) May 3, 
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2010; and 4) May 10, 2010.  Sand samples were collected above the water line from various 
points and depths on the beach at LDHH sampling station Holly 4.  The sampling points varied 
in distance from the water line and sampling depth (8, 15, 38, and 76 centimeters below ground 
surface).  Sand was gathered from four coordinate points (0, 90, 180, and 270 degrees) around a 
one meter diameter hole to account for spatial variability of enterococci in the sand.  Sand was 
collected using sterile 125 mL specimen jars placed perpendicular to the hole.  The sand from 
several specimen jars was pooled together in a sterile plastic bag and placed on ice (1 to 4°C) for 
transport to the lab. 
 
 
 
 
 
 
 
 
 
On March 31, 2010, sand samples were collected from nine points at Holly 4.  The 
samples were collected at three depths (8, 38, and 76 cm) below ground surface.  Samples were 
collected across three points parallel to the beach (center and seven meters to the left and right of 
center) as well as at three distances of increasing distance from the seawater (Figure 3.3). 
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          Figure 3.3:   Layout of sand sample collection points from Holly 4.  
The collection points for sampling event 1 on March 31, 2010 are 
represented with a ○.  The collection points for sampling events 2 to 
4 on April 16, May 3, and May 10, 2010 are represented with a □. 
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For the April 16, May 3, and May 10 sampling events, sand samples were collected from 
the five sampling points (Figure 3.3).  Two sampling points were close to the seawater (D and E) 
and three were set further away from the seawater (A, B, and C).  Samples were collected at 
depths of 8 and 38 cm below ground surface. 
3.2.4 Laboratory Analysis of Sands to Determine Presence and Persistence of Enterococci 
To quantify enterococci in beach sand, the beach sand analysis was performed according 
to the simplest extraction method described by Boehm et al. (2009) using ASTM Method 
#D6503-99 (IDEXX Enterolert Method).  Each sand sample was shaken in the collection bag for 
approximately two minutes to ensure complete mixing.  For the March sampling event, 10 g of 
wet sand from the mixed sample was weighed out on sterile aluminum weigh boats with the 
weight recorded.  In the April and May sampling events, 100 g of sand was used in the analysis.  
The sand was mixed in a 10:1 eluent volume to sand weight ratio with sterile deionized 
freshwater in a sterile 125 mL Erlenmeyer flask.  10 mL of the supernatant was diluted to 100 
mL in another sterile 125 mL Erlenmeyer flask with Enterolert medium added.  Once the 
medium was dissolved completely by mixing, the mixture was poured into a Quanti-Tray 2000™ 
and sealed.  The resulting positive wells were translated into an estimation of enterococci 
concentration using MPN Tables provided by IDEXX.  Enterococci concentration was reported 
as MPN per 100 grams of sand. 
To explore the possibility of enterococci persistence in beach sands, the field sand 
samples demonstrating enterococci presence were incubated for one week at 21°C (same as the 
temperature of the wet sand in the field) in the same plastic bag used for transport to the lab.  
After incubation, the sand was analyzed using the same process in the enumeration method 
described above. 
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3.2.5 Laboratory Experiments to Determine the Impact of Solar Radiation on 
Enterococci Abundance 
Laboratory experiments were conducted to determine the impact of salinity, turbidity, 
and solar radiation on enterococci.  The preliminary experiments studied the influence of various 
salinities (0, 5, 15, 20, and 25 ppt), turbidity, and solar radiation on enterococci concentrations.  
Based on the results of the preliminary experiments, the impact of solar radiation on enterococci 
at uniform salinity and temperature was studied.  Another experiment was conducted to examine 
the effect of varying levels of turbidity in water on enterococci concentrations when exposed to 
solar radiation.  Finally, an experiment was conducted to determine if enterococci possessed the 
ability to reactivate after solar inactivation.   
3.2.5.1 Preliminary Experiments to Determine the Effect of Salinity, Turbidity, and Solar 
Radiation on Enterococci 
Recent sampling events conducted by the LDHH and LSU along the Gulf Coast agreed 
with the findings of Boehm (2007) demonstrating that enterococci concentrations exhibit large 
temporal differences.  Research also suggests that solar radiation could have been a large factor 
resulting in the difference in enterococci concentrations over the course of the day (Fujioka et al. 
1981; Davies-Colley et al. 1994).  Preliminary experiments were completed to study the effects 
of solar radiation on enterococci concentrations in turbid water and under varying salinities.  In 
the first preliminary experiment, plastic containers were filled with Crystal Sea
®
 synthetic 
seawater at salinities of 5, 15, and 25 ppt.  A platform was constructed that allowed containers to 
sit on top and be exposed to sunlight, while under the platform, containers were shielded from 
sunlight.  The under-side of the platform was designed to allow airflow around the containers, 
but no sunlight.   One set of three containers at each of the salinities was placed outside in direct 
sunlight, while a second set of three containers at each of the salinities was placed outside under 
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the platform, completely in the dark.  Although not shown here, the first preliminary experiment 
results suggested that similar solar inactivation could be achieved at each of the three salinities.   
In the second preliminary experiment, triplicate containers of Crystal Sea
®
 synthetic 
seawater were exposed to sunlight along with a single freshwater container.  One control was 
placed in the dark.  A single turbid water container was exposed to sunlight as a preliminary 
study to examine the influence of turbidity on the effect of solar radiation on enterococci 
concentrations.  The synthetic seawater (20 ppt) was mixed to bear a resemblance to the 
historical average salinity of Holly Beach during the recreation season.  Each container was 
seeded using a 20 µL inoculum of enterococci concentrated culture in three liters of sterile 
synthetic seawater.  Samples were collected every four hours from the seeding at 7:00 a.m. to 
7:00 p.m. to span 12 hours of sunlight exposure.  Enterococci concentration was measured in 
each container at each sampling time. 
3.2.5.2 Effects of Solar Radiation on Enterococci in Field-like Conditions 
The first experiment was designed to test the effect of solar radiation on enterococci.  For 
this experiment, triplicate containers with three liters of Crystal Sea
®
 synthetic seawater (20 ppt) 
were exposed to sunlight, while triplicate containers were placed under a cover in the dark. All 
six containers were placed in a single circulating water bath to ensure uniform temperature.  The 
containers were inoculated using a 10 µL inoculum of enterococci concentrated culture, 
monitored, and analyzed for enterococci concentration at each sampling time (7:00 a.m., 11:00 
a.m., 3:00 p.m., and 7:00 p.m.). 
3.2.5.3 Effect of Solar Radiation on Turbid Waters 
Based on the result of the turbidity container in the preliminary experiment, an 
experiment was completed to examine the influence of turbidity levels on the effect of solar 
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radiation on enterococci concentrations.  This experiment consisted of triplicate containers of 
Crystal Sea
®
 synthetic seawater at 20 ppt with turbidity levels of 0, 70, and 140 NTU.  The 
turbidity levels were chosen based on the 25, 50, and 75 percentile turbidity levels for ranked 
afternoon enterococci concentrations using recent beach recreation season data.  Containers were 
seeded and samples were collected every two hours from 6:00 a.m. to 12:00 p.m. to span six 
hours of sunlight.  Enterococci concentration was measured at each sampling time. 
3.2.5.4 Reactivation of Enterococci after Solar Inactivation 
 An experiment was conducted to examine whether solar inactivated enterococci 
possessed the ability to reactivate during the overnight hours following inactivation.  In this 
study, triplicate containers of Crystal Sea
®
 synthetic seawater (20 ppt) were exposed to sunlight 
for 11 hours, the total sunlight available on the day of the experiment.  The containers were 
inoculated using a 10 µL inoculum of enterococci concentrated culture.  Containers were seeded 
and samples were collected at the 7:00 a.m. (seeding time) and 6:00 p.m. to have initial and final 
bacterial concentrations representing solar inactivation.  Once inactivated, the containers were 
placed in a 28°C water bath and incubated in the dark for 12 hours to represent overnight field 
seawater conditions.  At 7:00 a.m. on the next morning, samples were collected and analyzed to 
determine if enterococci concentrations had increased, indicating reactivation.  
3.2.6 Data Analyses 
 Enterococci concentrations were log-normal transformed for analysis purposes and 
transformed back to normal MPNs for reporting, because bacteria follow a log-normal 
distribution.  A t-test was used to analyze the sand samples and experiments one and two results 
at the 95% confidence level. For analysis purposes, enterococci concentrations below the 
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detection limit (10 MPN) were assigned a value of 5 MPN, while values over the detection limit 
(24,196 MPN) were assigned a value of 24,196 MPN, which is consistent with other studies.       
3.3 Results and Discussion 
3.3.1 Field Sampling - Sand  
Sand samples were collected and examined for presence of enterococci and to determine 
if enterococci possessed the ability to persist for extended periods of time in the beach sands.  
The enterococci concentration ranged from non-detect to 3,860 MPN per 100 g wet sand (MPN) 
with a geometric mean of 91 ± 743 MPN for the March 31 sampling event, from non-detect to 
733 MPN with a geometric mean of 36 ± 256 MPN for the April 16 event, from non-detect to 
5,172 MPN with a geometric mean of 12 ± 1,633 MPN for the May 3 event, and non-detect to 
496 MPN with a geometric mean of 24 ± 151 MPN for the May 10 event.  The geometric mean 
enterococci concentration for the sand sampling events combined was 43 ± 848 MPN per 100 g 
wet sand.  Local beach officials use a tractor to rake the beach sands during the recreation season 
which causes constant shuffling of beach sand several centimeters deep.  Because of this, 
enterococci concentrations were not expected to exhibit any concentration gradients over the 
sampling points.  The upper eight centimeter samples at the points furthest from the water line 
generated the most positive responses for enterococci.  This is concurrent with work by 
Byappanahalli et al. (2006) that demonstrated similar results in freshwater backshore sand at 
Lake Michigan beaches.  The finding of enterococci in the beach sands was consistent with 
studies conducted by Boehm et al. (2009) and Yamahara et al. (2007) that recognize beach sand 
as a potential reservoir of enterococci concentrations.     
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3.3.2 Laboratory Analysis of Sands to Determine Presence and Persistence of Enterococci 
Several sand samples with enterococci present were stored in the same plastic bag used in 
sand collection in a water bath at a temperature of 21°C, similar to the measured wet sand 
temperature in the field.  After incubation of one week from the initial analysis, the samples were 
analyzed again to examine enterococci persistence.  Eighteen of the twenty-five samples (72%) 
that were identified to have enterococci present in the initial analysis were again positive for 
enterococci.  The enterococci concentration after incubation ranged from non-detect to 2,110 
MPN with a geometric mean of 115 ± 708 MPN for the March 31 event, from non-detect to 480 
MPN with a geometric mean of 33 ± 200 MPN for the April 16 event, from 10 MPN to 7,701 
MPN with a geometric mean of 115 ± 4,438 MPN for the May 3 event, and from non-detect to 
341 MPN with a geometric mean of 24 ± 122 MPN for the May 10 event.  The combined 
geometric mean enterococci concentration for the incubated sand samples was 57 ± 1,541 MPN 
per 100 g wet sand.  While the individual sand samples exhibited increases and decreases in 
enterococci after incubation, the overall geometric mean concentration of the reanalyzed samples 
was not significantly different than the overall geometric mean of the original enterococci 
concentrations (p > 0.3456).  The results were consistent with Hartel et al. (2005), demonstrating 
the ability for fecal enterococci to persist and even potentially regrow on sands.    
The results from the sand sampling events agree with studies by Boehm et al. (2009) and 
Yamahara et al. (2007) on California beach sands, Hartel et al. (2005) on Georgia, New 
Hampshire, and Puerto Rico sands, and Byappanahalli et al. (2006) on Lake Michigan beach 
sands demonstrating that enterococci exist and persist in beach sands.  Enterococci were present 
in beach sands and possessed the ability to persist for many days.  No point sources, such as 
sewage leaks similar to those found in Avalon Beach by Boehm et al. (2009) or human waste 
deposits that could explain the high enterococci concentrations were located at Holly Beach, 
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further demonstrating the presence of enterococci at non-point source beaches.  Therefore, beach 
sands along the Gulf Coast can act as a reservoir of enterococci for the near-shore beach waters. 
3.3.3 Preliminary Experiments to Determine the Effect of Salinity, Turbidity, and Solar 
Radiation on Enterococci Abundance 
The preliminary solar inactivation experiment was designed to test the effect of salinity 
and solar radiation on enterococci.  In the preliminary experiment, enterococci were completely 
inactivated by 1:00 p.m. in the containers exposed to sunlight at 5, 15, and 25 ppt.  Several 
containers were discarded after the evaluation showed that the inoculation had been ineffective.   
The second preliminary experiment was designed to determine the effect of solar 
radiation on enterococci in seawater and to explore three other parameters.  Four conditions were 
tested: 1) one seawater container in the dark, 2) one seawater turbid container exposed to 
sunlight, 3) one freshwater container exposed to sunlight, and 4) three seawater containers 
exposed to sunlight.  Initial seeding and sample collection at 7:00 a.m. for all containers yielded 
initial enterococci concentrations above the maximum detection limit (24,196 MPN).  At 11:00 
a.m., the container in the dark and the turbid container were still above the maximum detection 
limit, but the freshwater and seawater containers exposed to sunlight all had enterococci 
concentrations below the minimum detection limit (10 MPN).  This result was not unexpected 
given that the estimated T90 for enterococci lies between 60 and 180 minutes (Fujioka et al. 
1981).  The same result was found at 1:00 p.m. and 7:00 p.m. for all containers.  There was a 
significant (p < 0.0001) decrease in the enterococci concentration in the containers exposed to 
light compared to the container in the dark over the course of the day.   
Several observations were drawn from the preliminary experiments.  For both the fresh (0 
ppt) and seawater (5, 15, 20, and 25 ppt) containers, the salinity did not appear to be as 
significant an inactivating mechanism as solar radiation.  In the second preliminary experiment, 
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the enterococci concentration in both the freshwater and seawater containers fell below the 
detection limit within four hours, indicating that solar radiation was a more dominating 
environmental factor than salinity.  The preliminary experiments demonstrate that even across 
several salinities (0, 5, 15, 20, and 25 ppt), there was complete inactivation of enterococci in 
short time periods.  The container in the dark and the turbid water container in the second 
preliminary experiment maintained the maximum detected level of enterococci throughout the 
day.  The increased turbidity could have minimized the effect of the sunlight on enterococci by 
preventing the penetration of light as suggested by Alkan et al. (1995).  Therefore, higher 
turbidity waters could have provided shelter for enterococci in beach waters.  Further 
inactivation experiments were performed to enhance the initial experiments. 
3.3.4 Effects of Solar Radiation on Enterococci in Field-like Conditions 
Derived from the results of the preliminary experiments, an experiment was designed to 
analyze the effect of solar radiation on enterococci alone at a constant salinity and uniform 
temperature.  The results of the field-like experiment are located in Table 3.1.  All six containers 
had a salinity of 20 ppt with an initial enterococci concentration above the maximum detection 
limit at 7:00 a.m.  At 11:00 a.m., the geometric mean enterococci concentration for the 
containers exposed to sunlight was below the detection limit, compared to the containers in the 
dark which had a geometric mean enterococci concentration above the detection limit.  At 3:00 
p.m. and 7:00 p.m., the containers exposed to light continued to have an enterococci 
concentration below the detection limit.  At 3:00 p.m., the containers in the dark had a geometric 
mean enterococci concentration of 16,967 MPN and at 7:00 p.m. the geometric mean enterococci 
concentration in the dark containers was 15,988 MPN.   
The results show statistically significant inactivation (p < 0.0001) in a little as four hours 
on enterococci exposed to sunlight.  Although there was a decline in the enterococci 
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concentration, the containers in the dark did not show a significant inactivation over the course 
of the day (p = 0.1161). 
Table 3.1: Results showing a significant decrease in enterococci concentration 
between containers exposed to sunlight and those held in the dark.  A significant 
decrease in enterococci concentration was noted within the first four hours when 
exposed to sunlight compared to no significant reduction for the dark containers 
throughout the day. 
      Summary Statistics Test Statistics 
Time Condition n Mean ± S.D. Pr > |t| df 
7:00 a.m. 
Dark 3 ≥ 24,196 ± 0.0     
Light 3 ≥ 24,196 ± 0.0 
  
11:00 a.m. 
Dark 3 ≥ 24,196 ± 0.0 
< 0.0001 4 
Light 3 ≤ 10 ± 1.5 
3:00 p.m. 
Dark 3 16,967 ± 1.4 
< 0.0001 4 
Light 3 ≤ 10 ± 0.0 
7:00 p.m. 
Dark 3 15,988 ± 1.4 
< 0.0001 4 
Light 3 ≤ 10 ± 0.0 
First 4 Hours in 
Light 
7a.m. 3 ≥ 24,196 ± 0.0 
< 0.0001 4 
11a.m. 3 ≤ 10 ± 1.5 
Initial vs Final 
Dark 
7a.m. 3 ≥ 24,196 ± 0.0 
0.1161 4 
7p.m. 3 15,988 ± 1.4 
Enterococci Reported in MPN per 100 mL 
  
 During analysis, enterococci concentrations below the detection limit (10 MPN) were 
assigned a value of 5 MPN, while values over the detection limit (24,196 MPN) were 
assigned a value of 24,196 MPN 
 
The laboratory experiments along with recent morning and afternoon field sampling 
results concur, showing that the time of day the samples were collected was important to beach 
water quality monitoring due to solar inactivation of enterococci.  As the day progresses and 
more sunlight infiltrates into the water (dependent on turbidity), enterococci undergo solar 
inactivation.  These results concur with Boehm et al. 2002 and Seo Jin Ki et al. 2007, 
demonstrating that bacterial inactivation in the beach surf zone was primarily caused by solar 
radiation.  These studies and the preliminary experiments reaffirm the robust ability of solar 
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radiation to inactivate enterococci concentrations in as little as four hours, while demonstrating 
the potential for turbid waters to dampen the effect of solar radiation on enterococci inactivation.   
3.3.5 Effect of Solar Radiation on Turbid Waters 
The preliminary turbidity experiment demonstrated that while solar radiation possessed 
the ability to completely inactivate enterococci, turbid waters could hinder the full effect.   Given 
that near-shore seawater contains suspended sand particles due to wave action and tidal effects, 
an experiment exploring the effects of turbidity levels was conducted.  The results of the 
turbidity experiment can be found in Table 3.2.  After initial seeding at 6:00 a.m., no decrease in 
enterococci concentration was noticed at any of the turbidity levels until the 10:00 a.m. sampling 
period.  This result was consistent with the previous solar inactivation experiments that showed 
near complete inactivation occurred after four hours of sunlight exposure.  At 10:00 a.m., the 
containers with no turbidity showed almost complete inactivation of enterococci, while the 
containers with increased turbidity still contained active enterococci.  The inactivation rate for all 
the containers across all turbidities was consistent with Fujioka et al. (1981), showing that the 90 
percent of enterococci were inactivated (T90) within 60 to 180 minutes of sunlight exposure.  At 
12:00 p.m., the containers with 0 and 70 NTU turbidity levels had complete inactivation of 
enterococci, while the containers with 140 NTU turbidity levels still had an appreciable 
enterococci concentration.  The enterococci concentrations at 12:00 p.m. were consistent with 
the field samples gathered in the afternoon during the recent recreation sampling season.  
The three turbidity levels demonstrated significant differences at the 10:00 a.m. and 
12:00 p.m. sample times, indicating that increased turbidity levels did indeed hinder the ability 
for solar radiation to inactivate enterococci in seawater.  The results suggest that the sand 
particles are either shielding enterococci from direct sunlight or lessening the effect of 
environmental stressors through attachment of enterococci to sand particles.  The beach sand 
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experiment demonstrated that enterococci exist and persist in coastal beach sands.  The presence 
of enterococci in near-shore seawater could be explained by the inevitable transport of 
enterococci contaminated beach sands and the hindrance by increased turbidity levels in near-
shore seawater.  
Table 3.2: Results demonstrating that increased turbidity hinders 
inactivation of enterococci by sunlight.  
Time 
Turbidity  
(NTU) 
n Geometric Mean ± S.D. 
6:00 a.m. 
0 3 ≥ 24,196 ± 0.0 
70 3 ≥ 24,196 ± 0.0 
140 3 ≥ 24,196 ± 0.0 
8:00 a.m. 
0 3 ≥ 24,196 ± 0.0 
70 3 ≥ 24,196 ± 0.0 
140 3 ≥ 24,196 ± 0.0 
10:00 a.m. 
0 3 ≤ 10 ± 1.5 
70 3 13 ± 2.2 
140 3 89 ± 4.3 
12:00 p.m. 
0 3 ≤ 10 ± 0.0 
70 3 ≤ 10 ± 0.0 
140 3 49 ± 4.0 
Enterococci Reported in MPN per 100 mL 
During analysis, enterococci concentrations below the detection limit (10 
MPN) were assigned a value of 5 MPN, while values over the detection 
limit (24,196 MPN) were assigned a value of 24,196 MPN 
 
3.3.6 Solar Irradiance during the Inactivation Experiments 
As demonstrated in the solar inactivation experiments, solar radiation inactivated large 
concentrations (24,196 MPN) of enterococci in relatively short amounts of time (4 hr).  During 
the three solar inactivation experiments, the solar irradiance was measured at each sampling time 
(Figure 3.4).  These values represent the solar irradiance levels along the northern Gulf of 
Mexico, taken in Baton Rouge, LA.  The solar irradiance levels were higher than the profile for 
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southern California noted by Noble et al. (2004).  Higher solar irradiance levels could account 
for the inactivation of the large initial enterococci concentrations. 
 
Figure 3.4:  Solar intensity levels throughout the course of the day during the solar                                   
inactivation experiments conducted in October 2010 (  and ) and April                                   
2011 (    ).  
 
3.3.7 Reactivation of Enterococci after Solar Inactivation 
Results of the reactivation experiment (Table 3.3) demonstrated that overnight 
reactivation of enterococci in seawater did not occur.  After 11 hours of sunlight exposure, the 
geometric mean final concentration of enterococci was 13 MPN.  After incubation of all the 
containers at 28°C in the dark (overnight) for 12 hours, the geometric mean enterococci 
concentration was below the detection limit.  There was no significant change (p = 0.2508) in the 
enterococci concentration overnight.  Therefore, reactivation of enterococci was an improbable 
source of the replenishment of enterococci in near-shore seawater.  The inability for solar 
inactivated enterococci to regenerate overnight was also noted in a study by Boehm et al. (2002).  
In the field, the near-shore seawater must be replenished after every day in order to keep 
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enterococci concentrations elevated.  The reseeding could be caused by other factors such as 
tidal affects, bird feces, or by beach sands becoming suspended due to the tidal effect as noted by 
Boehm and Weisberg (2005) and Yamahara et al. (2007). 
Table 3.3: Reactivation experiment results showing that after near 
complete inactivation, enterococci concentrations did not demonstrate 
any appreciable amount of reactivation. 
    Summary Statistics Test Statistics 
Condition n Mean ± S.D. Pr > |t| df 
Inactivation 
3 ≥ 24,196 ± 0.0 
< 0.0001 4 
3 13 ± 2.2 
Reactivation  
3 13 ± 2.2 
0.2508 4 
3 ≤ 10 ± 1.5 
Enterococci Reported in MPN per 100 mL 
 
During analysis, enterococci concentrations below the detection limit (10 
MPN) were assigned a value of 5 MPN, while values over the detection limit 
(24,196 MPN) were assigned a value of 24,196 MPN 
 
3.3.8 Additional Field Factors 
While this work focused on solar radiation, salinity, turbidity, and beach sands affecting 
enterococci concentrations along the Gulf Coast, it must be stated that there were other factors 
that could have significant influence on enterococci concentrations.  Frick et al. (2008) discuss 
factors such as wave height, rainfall, wind direction, wind speed, and temperature as factors 
affecting enterococci concentrations, especially in developing prediction models.  These factors 
have been surveyed by LDHH and were found to impact the enterococci concentrations, 
although the magnitude of the effects could not be determined (LDHH 2009).  Lyons et al. 
(2010) pose the theory that organic aggregate act as microscopic islands and provide substance 
for enterococci to latch on to for protection in beach waters.  Signoretto et al. (2004) and (2005) 
state that enterococci persist in the aquatic environment due to surface interactions with 
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copepods and plankton.  Recent sampling events noted the higher yield of enterococci in water 
that had larger amounts of seaweed nearby.  A large number of seagulls, pelicans, and other 
wildlife in the area could have been contributing to the enterococci concentrations in the near-
shore beach waters by adding feces to the water and transporting beach sands (Grant et al. 2001).  
However, recent samples collected from ponded beach water where seagulls were found did not 
show appreciable concentrations of enterococci.   
3.4 Conclusions 
The laboratory experiments confirm the ability of solar radiation to inactivate large 
concentrations (> 24,196 MPN) of enterococci across a range of salinities (0, 5, 15, 20, 25 ppt) in 
as little as four hours, which can partially explain the decrease in enterococci concentrations over 
the course of the day.  With solar radiation having such a highly destructive impact on 
enterococci, the time that samples were collected for monitoring programs was very important.  
If samples were collected too late in the morning, solar radiation could have reduced the fecal-
indicator bacteria concentration to a level safe for recreational beaches that otherwise would 
have been unsafe at an early sampling time.  The experiments also established that there was a 
potential for higher turbidity water to buffer the enterococci from solar radiation effects.  
Increased levels of turbidity prevented complete inactivation of enterococci.  This can explain 
why enterococci were still found in afternoon samples at coastal beaches. 
While enterococci concentrations were inactivated largely in part by solar radiation, no 
appreciable reactivation of enterococci occurred overnight.  This outcome suggests that 
enterococci were replenished in seawater through some other source.  One possible source could 
be the beach sands.  Beach sands contained enterococci and could have been transported to near-
shore seawater through various transportation methods.  Turbidity caused by turbulence in the 
surf zone could have included enterococci-attached sand particles. The addition of enterococci-
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attached sand to the seawater may have increased the enterococci concentration, while 
preventing some of the harmful effects of solar radiation. 
Gulf Coast beach sands contained enterococci, and this work along with results in 
literature showed that the enterococci in the beach sand persisted for extended periods of time.  
With enterococci persistence in beach sands, coastal beach sand must be considered a reservoir 
for enterococci.  Other factors such as tides, wind, or even animals could potentially provide 
transport routes for beach sand and elevate the enterococci concentration of the near-shore 
seawater.  Windy days or post-rainfall runoff could be transporting enterococci into the near-
shore seawater as well. 
Solar radiation, beach sands, and surrounding water quality are factors that affected the 
complex nature of enterococci concentrations in Gulf Coast seawater.  Solar radiation appeared 
to be the most significant of the factors examined, with beach sands demonstrating an important 
role in enterococci concentration persistence. 
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Chapter 4: Modeling of Enterococci Concentrations along the Northern Gulf Coast  
4.1 Introduction 
Between 1960 and 2008, the percentage increase in population along the coastline (84 
percent) was greater than that of the United States (70 percent) or for non-coastline counties (64 
percent) (Wilson and Fischetti 2010).  The Gulf of Mexico experienced a population increase 
(150 percent) that outpaced the Pacific (110 percent) and Atlantic (56 percent) regions (Wilson 
and Fischetti 2010).  According to the National Oceanic and Atmospheric Administration 
(NOAA) in 2003, over half of the American population lived within 50 miles of the coast 
(Crossett et al. 2004).  By the year 2015, the nation’s coastal population is expected to increase 
by more than 12 million.  The increasing population trend toward coastal areas will result in a 
greater amount of beachgoers, and therefore, more public contact with coastal recreational beach 
waters.   
As part of the Beaches Environmental Assessment and Coastal Health (BEACH) Act of 
2000, states, territories, and eligible tribes are required to monitor coastal recreation beaches for 
bacteria that indicate the possible presence of disease-causing pathogens, and to notify the public 
when there is a potential risk to public health (BEACH Act 2000).  In 2009, of the 3,819 coastal 
beaches that were monitored; 1,642 (43%) had at least one advisory or closure during the beach 
recreation season (USEPA 2010).  This percentage was an increase from years before and was 
attributed to an increase in monitoring, a wetter swimming season in the Northeast, and the 
inclusion of actions due to county-wide preemptive rainfall advisories.   
Current beach monitoring programs have delayed notification of monitoring results 
during periods of poor water quality due to use of analytical laboratory methods that detect 
indicator bacteria in 24 to 48 hours.  During this time, beachgoers might be exposed to harmful 
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pathogens in the water.  To alleviate this deficiency in current monitoring programs, the United 
States Environmental Protection Agency (USEPA) is searching for alternative methods in 
predicting the water quality of coastal recreation beaches.  A review of early literature in 
modeling of enteric bacterial die-off was completed by Crane and Moore (1985).  The authors 
found that there are many physical, chemical, biological, and atmospheric factors affecting the 
survival of enteric bacteria in coastal waters.  Crane and Moore (1985) also found that even 
though there were many ways to model bacterial die-off, the first-order die-off kinetics were the 
most advantageous.  In 1999, the USEPA released a review of potential modeling tools and 
approaches to support the BEACH Program (USEPA 1999) including regression analysis, water 
quality simulations, rainfall-based alert curves, a simple mixing and transport model, a regional 
bypass model, and computer-based hydrodynamic models.  The use of prediction models may be 
able to help overcome the poor autocorrelation of indicator organisms and the time lag associated 
with current bacterial analytical methods by assisting beach program managers in the decision 
making process.   
The Louisiana Department of Health and Hospitals (LDHH) implements the Louisiana 
Beach Monitoring Program through bacteriological water quality monitoring and issues swim 
advisories determined by fecal-indicator bacteria concentrations in the coastal beach waters 
during the recreation swim season.  Coastal recreation beaches were sampled on Monday 
mornings on a weekly, biweekly, or monthly basis during the recreation season depending on the 
number of visitors that frequent the beach from May 1 to October 31.  The LDHH posted swim 
advisories on-site at the beaches, as well as online to alert swimmers when bacterial 
concentrations exceed regulatory criteria and may pose negative health issues.  Historical 
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sampling data collected by the LDHH showed variability in bacteria concentrations from year to 
year. 
As part of the Louisiana 2008 BEACH Grant Report (2007 Swimming Season), the 
LDHH completed a rigorous statistical analysis of the relationship between fecal coliforms and 
enterococci concentrations (LDHH 2008).   The LDHH found that although a positive correlation 
exists between fecal coliforms and enterococci, the relationship varied from beach to beach and 
required an adjustment for water temperature effects.  The LDHH also completed an analysis of 
the relationship between environmental variables and enterococci.  Because all advisories issued 
in Louisiana since the beach monitoring program began were due to enterococci criteria 
exceedences, fecal coliforms were excluded from evaluation (LDHH 2009).  The first 
environmental variables considered as environmental factors affecting enterococci 
concentrations in the multiple regression model were surface water temperature, salinity, tide 
conditions, weather conditions, wind direction and speed, and precipitation in 0-24 hours, 24-48 
hours, 48-72 hours, and 72-96 hours.   
None of the environmental variables individually explained a large portion of the 
variability in enterococci concentration (< 10%), so multivariate models were developed.  The 
competing models for the beach segment included a full set of uncorrelated environmental 
variables.  Stepwise selection was applied to the best full competing model to eliminate any 
unnecessary variables, with variable selection based on Akaike information criterion (AIC) to 
identify the model that best fit the data.  The coefficient of determination value denotes the total 
variability in indicator organism concentration explained by the model.  For the Holly Beach 
model, enterococci concentration was influenced by the tide, salinity, wind direction, wind 
speed, and the interaction between wind direction and speed.  The model, however, had a 
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coefficient of determination of 0.16, which signals that the model accounts for only a small 
portion of the variability of fecal-indicator bacteria concentrations due to environmental variable 
impacts. 
The objective of this work is to apply prediction models that will explain the variation of 
enterococci concentrations along Gulf Coast on two time scales: daily and yearly.  Enterococci 
were chosen for modeling, because enterococci concentrations exhibit a strong correlation to 
gastrointestinal illness and are the indicator bacteria of choice in coastal seawaters (Cabelli 1983 
and Wade et al. 2003). 
4.2 Methodology 
4.2.1 Site Description 
Holly Beach, a 5.5 kilometer long beach located in Cameron Parish in southwest 
Louisiana, is one of the two most attractive beaches in Louisiana (LDHH 2003).  Before 
Hurricanes Katrina and Rita impacted the area in 2005, typical usage of the beach was 150 
people per weekday, 1,000 people per weekend, and 6,000 per holiday (LDHH 2003).  The 
hurricanes caused the residential population and use of the beach to greatly decline, although 
usage is slowly returning to pre-hurricane levels (LDHH 2009). 
Water samples have been collected since 2005 by the LDHH from selected sampling sites 
at Holly Beach (Holly 1-6) during the morning on a weekly basis to gather water quality data 
during the recreation season (May through October).  In 2010, LSU collected afternoon water 
samples from sampling sites Holly 2 and Holly 4.  Data collected in these sampling events can be 
found in Chapter 2 of the thesis.  Although there were no significant differences amongst 
individual sampling sites, Holly 2 and 4 were selected because they were the boundaries of 
where most beachgoers were found during initial site visits.  At each sampling site, weather 
conditions, water temperature, and salinity were documented.  Wind speed, wind direction, and 
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tide level were obtained from the National Oceanic and Atmospheric Administration’s (NOAA) 
database.  Solar radiation data was collected from the Louisiana Universities Marine Consortium 
(LUMCON) research facility in Chauvin, LA.  Historical water quality sampling data was also 
used to develop prediction models relating enterococci and environmental field variables.  
4.2.2 Model Development 
 Three models were applied to explain the temporal variation of enterococci 
concentrations along a Gulf Coast beach.  The first model applied was an exponential decay 
model that predicted enterococci concentrations at some time after initial sample results are 
determined.  The second model applied was a multiple regression model based on factor analysis 
as a variable reduction technique to predict enterococci concentrations.  The third model was a 
multiple regression model using the individual environmental variables to predict enterococci 
concentrations. 
4.2.2.1 Exponential Decay Model 
 The exponential decay model was a short term model that could be applied to predict 
daily enterococci concentrations.  First order exponential decay was chosen to model the daily 
enterococci die-off throughout literature (Davies and Evison 1991; Craig et al. 2002; Boehm et 
al. 2005).  The exponential decay model will allow beach managers to use a site specific average 
decay constant to predict enterococci concentrations at some time after an initial concentration is 
observed using Equation 1: 
N = Noe
-kt                          
                                       Equation 1 
The average decay coefficient was calculated using the log-normal transformed morning and 
afternoon enterococci concentrations observed in the 2010 beach recreational season sampling 
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events for Holly Beach, LA.  With limited afternoon data collected from the beach site, the 
model was tested using a set of morning sampling data and comparing the predicted afternoon to 
the observed afternoon enterococci concentration for the 2010 sampling season.  The model was 
also tested on small set of morning and afternoon data collected during the 2011 sampling 
season. 
4.2.2.2 Multiple Regression Models 
 Another approach in applying a prediction model was to improve upon a multiple 
regression model previously applied by the LDHH.    The multiple regression models applied 
included the current environmental variables used by the LDHH and several additional variables 
(Table 4.1) 
Table 4.1  Summary of the environmental variables included in the multiple regression models 
Water Temperature Sunny (+1) or Not Sunny (-1) 
Salinity Onshore(+1) /Offshore (-1) Wind Direction 
Tide Condition (Categorical) Year 
Weather Condition (Categorical) Mean Tide Level 
Wind Direction (Categorical and Numeric) 
Average Solar Radiation (Day of and Day 
Before) 
Wind Speed (Categorical and Numeric) Wet (+1) or Dry (-1) Day 
Total Precipitation (0-48 and 0-72 hr prior to sampling) 
 
 
The first multiple regression model was based on factor analysis.  The primary reason to 
use factor analysis was to develop a new set of independent variables, called underlying factors, 
with the hope that the new variables will give a better understanding of the data being analyzed 
(Johnson, 1998).  With so many environmental variables collected during the recreation 
sampling season, inevitably some were correlated with each other.  To account for the multiple 
correlations, the factor analysis was used to try to create fewer, uncorrelated factors that may 
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assist in predicting enterococci concentrations.  The factor analysis model was developed using 
Equation 2, where there are m underlying factors (Johnson, 1998). 
xj =  λj1f1 + λj2f2 + … + λjmfm + ηj                                                   Equation 2 
The xj are the factor scores, λjm are the factor loadings, fm are the common factors, and ηj describes 
the residual variation specific to the jth response variable.  Varimax rotation, an orthogonal 
rotation, was applied while deriving the set of factors.  Rotating procedures try to make as many 
of the factor loadings as possible near zero and to maximize as many of the others as possible in 
hope of increasing interpretability (Johnson 1998).  The resulting factor scores were then used in 
a multiple regression model using stepwise selection.  The stepwise selection procedure used a 
combination of forward selection and backward elimination procedures to select variables for 
inclusion by checking to see that all of the variables selected remain significant to the model 
(Johnson 1998).   
 A second multiple regression model was applied using the individual environmental 
variables to predict enterococci concentrations.  The general form of a multiple regression is 
shown in Equation 3 below. 
Y = a + b1*X1 + b2*X2 + ... + bp*Xp                                                 Equation 3 
The purpose of the multiple regression was to learn more about the relationship between several 
independent or predictor variables (environmental variables, X) and a dependent or criterion 
variable (enterococci concentration, Y).  Stepwise selection was used to introduce only 
significant variables into the regression model. 
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4.3 Results and Discussion 
4.3.1 Exponential Decay Model 
For the beach recreation season water quality data collected in 2010 (from Chapter 2), the 
geometric mean morning enterococci concentration was 172 MPN per 100 mL (MPN), whereas 
the geometric mean afternoon enterococci concentration was 12 MPN.  Using the first-order 
exponential decay equation and the time between sample collection of the morning and afternoon 
samples, a decay coefficient was derived for each of the 52 collected samples (two samples for 
each of the 26 sampling days).  The average decay coefficient for the sampling site for the 2010 
beach recreation season was 0.120 hr
-1
.  Due to the lack of historical afternoon data collected at 
the site, the model’s prediction capability was assessed using the 2010 season afternoon data.  
Predicted values below the detection limit were assigned a value of 5 MPN (1.609 when 
transformed), which was consistent with literature (Boehm, 2007).  The average difference 
between predicted and observed afternoon enterococci concentrations generated predicted 
afternoon enterococci concentrations that were 1.1 ± 3.4 MPN below the observed concentration.  
A one-way ANOVA comparing the predicted and observed enterococci concentrations showed 
that the predicted concentrations were not significantly different than the observed values (p = 
0.7218).  The exponential decay model predicted enterococci concentrations would have yielded 
no regulatory criteria exceedences for the 52 afternoon samples compared to one single sample 
criteria exceedence observed during sampling in 2010. 
A set of data collected during the 2011 beach sampling season was analyzed to determine 
if the decay rate (k) changed from the previous year.  The calculated decay coefficient for the 10 
samples collected in April to May of the 2011 season was 0.266 hr
-1
.  This rate was more than 
double the rate of the entire previous year (0.120 hr
-1
) and shows that the model would not be as 
effective due to the large variation in enterococci concentration from year to year.  However, the 
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decay rate in 2011 is comparable to the decay rate observed from the effect of solar radiation on 
enterococci in field-like conditions experiment completed in Chapter 3 (0.271 hr
-1
).   
The exponential decay model could be useful in predicting enterococci concentrations 
over the course of a day if enterococci concentrations did not exhibit large variations as 
discussed in Chapter 2.  Previous experiments and literature presented elsewhere show that solar 
radiation was the driving force behind enterococci inactivation in seawater (Fujioka et al. 1981; 
Davies-Colley et al. 1994).  If solar radiation was the lone driving force behind the developed 
exponential decay model for the Gulf Coast beach, the model should be useful from year to year.  
Unfortunately, enterococci concentrations exhibited large variations from year to year that 
cannot be accounted for by the model.  The large variation in concentration makes the 
development of a single decay coefficient that could be used from year to year improbable. 
4.3.2 Multiple Regression Models 
 Exploratory factor analysis was used to investigate clustering of the environmental 
variables measured as part of a multiple regression.  Factors with a minimum eigenvalue of 1.0 
were retained using the Kaiser-Guttman rule.  One drawback to this approach was that the 
Kaiser-Guttman produced many more factors that would have been used if only a scree plot were 
examined.  Factor analysis using principle component analysis (PCA) extraction was able to 
reduce the environmental variables into eight independent factors, while a Varimax rotation was 
applied to increase interpretability of the factors (Table 4.2).   
A multiple regression model was applied using the factor loadings generated by the 
exploratory factor analysis.  Stepwise selection was used to introduce variables (newly created 
factors) into the model until all significant variables were included.  The stepwise selection 
procedure uses a combination of forward selection and backward elimination procedures to 
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select variables for inclusion by checking to see if all of the variables selected remain significant 
to the model (Johnson 1998).  Factors were added to the model, examined for significance using 
an F-test, and then removed if not significant to the model.  The generated model results are 
shown in Table 4.3.  Although the exploratory factor analysis generated eight factors in 
decreasing order of the amount of variation of enterococci explained, the regression analysis 
retained the Factor7, Factor6, Factor5, Factor8, and Factor2 factor loadings in the second model.  
The model coefficient of determination (R
2
) is the total amount of variation explained by the 
retained factors, and for the regression model, the R
2 
was very small (R
2
 = 0.13).   
Table 4.2  Rotated factor pattern generated from the original variables using Varimax rotation 
  Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Factor8 
Total Rainfall 0.900 -0.002 -0.018 0.330 -0.085 0.065 0.039 0.019 
Rainfall 0.872 -0.003 -0.217 -0.215 0.051 0.016 0.013 -0.030 
Wet vs. Dry  
(Day of Sampling) 
0.581 0.022 -0.280 0.068 0.406 -0.023 0.025 0.056 
Wind Speed 
(Numeric) 
-0.001 0.976 -0.070 -0.064 -0.046 -0.014 0.039 -0.036 
Wind Speed 
(Categorical) 
0.002 0.975 -0.072 -0.065 -0.062 -0.003 0.031 -0.034 
Sunny -0.146 -0.089 0.860 -0.138 0.195 0.012 -0.010 0.020 
Weather 0.307 0.125 -0.776 0.194 0.053 0.076 0.002 -0.058 
Wet vs Dry  
(Day Prior) 
0.039 -0.105 -0.066 0.806 0.179 -0.048 -0.043 -0.085 
Rainfall  
(Day Prior) 
-0.018 -0.015 -0.332 0.772 0.104 0.090 0.017 0.029 
Rainfall  
(48 hr Prior) 
0.364 0.008 0.480 0.549 -0.296 0.050 0.045 0.068 
Mean Tide Level 0.148 0.080 -0.071 0.148 0.814 -0.074 0.122 -0.185 
Temperature -0.071 -0.224 0.278 0.071 0.772 0.175 -0.117 0.080 
Wind Direction 
(Categorical) 
-0.009 -0.071 -0.026 0.000 -0.031 0.835 0.012 0.090 
Wind Direction 
(Numeric) 
0.055 0.514 -0.172 0.053 0.100 0.622 -0.178 0.035 
Tide  -0.170 0.020 -0.157 -0.069 -0.152 -0.522 -0.181 0.500 
Year -0.113 0.014 0.037 -0.154 0.010 0.159 0.846 -0.046 
Solar Radiation 
(Day of) 
-0.308 -0.081 0.140 -0.062 -0.081 0.279 -0.416 -0.379 
Solar Radiation 
(Day prior) 
-0.289 0.010 0.025 -0.344 0.014 0.334 -0.607 -0.095 
Salinity 0.039 -0.077 0.138 -0.024 -0.057 0.132 0.060 0.842 
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This suggests that even reducing the total number of variables, some of which were 
correlated, into fewer independent variables was not adequate for this prediction model.  The 
LDHH Holly Beach regression model coefficient of determination was 0.16, so the factor 
analysis multiple regression model was not as useful in explaining the total variation in the 
variables used to predict enterococci concentration.  
Table 4.3  Summary of stepwise selection regression using computed factor scores 
Step  Variable Entered Partial R
2
 Model R
2
 F Value Pr > F 
1 Factor 7 0.066 0.066 70.30 < 0.0001 
2 Factor 6 0.022 0.088 23.52 < 0.0001 
3 Factor 5 0.017 0.105 18.20 < 0.0001 
4 Factor 8 0.012 0.117 13.56 0.0002 
5 Factor 2 0.010 0.127 11.35 0.0008 
 
In an attempt to improve upon the model developed by the LDHH, a third model was 
developed based on the individual environmental variables to predict enterococci concentrations.  
The results of the model are shown in Table 4.4.  Stepwise selection was again used to introduce 
variables into the model until all significant variables were included.  The enterococci 
concentration at Holly Beach was influenced by the variables year, salinity, water temperature, 
wind speed, total rainfall within 48 hours prior to sampling, sunny, weather, and mean tide level.  
For this model, the R
2 
was 0.20 which is better than the R
2 
for the LDHH model.  Unfortunately, 
the model still only accounted for a small portion of the variability in enterococci concentration 
explained by the variables. 
The results of the generated models suggest that prediction models using environmental 
variables to explain enterococci concentration would be difficult to use in issuing beach swim 
advisories on a week by week basis.  The low coefficients of determination
 
are similar to the 
results found by Frick et al. 2008 that generated an adjusted model R
2 
of 0.40 using the Virtual 
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Beach regression modeling tool.  Previous work, discussed in Chapter 2, has shown enterococci 
concentrations have a large variability during weekly sampling events.  Prediction models 
perform well only when the enterococci concentrations are steady.  The large variation in 
enterococci concentrations will undoubtedly lead to many false positives and false negatives, 
rendering the models incapable of accurately predicting enterococci concentrations. 
Table 4.4  Summary of multiple regression using stepwise selection of variables 
Step  Variable Entered Partial R
2
 Model R
2
 F Value Pr > F 
1 Year 0.110 0.110 122.49 < 0.0001 
2 Salinity 0.022 0.132 25.21 < 0.0001 
3 Water Temperature 0.023 0.156 27.27 < 0.0001 
4 Numeric Wind Speed 0.017 0.173 20.75 < 0.0001 
5 Total Rainfall 0.009 0.182 10.41 0.0013 
6 Sunny 0.004 0.186 5.02 0.0252 
7 Weather 0.016 0.202 20.22 < 0.0001 
8 Mean Tide Level 0.002 0.204 2.24 0.1351 
 
4.4 Conclusions 
Three models have been applied that possess the ability to predict enterococci 
concentrations.  The exponential decay model was useful in predicting enterococci 
concentrations over the course of a day, although several years’ worth of afternoon data are 
needed to assess the model’s effectiveness on a yearly basis.  The decay coefficient could change 
due to varying enterococci concentrations from year to year, as evidenced by the small data set 
gathered in 2011.  The two regression models were applied to predict enterococci concentrations 
based on environmental variables.  The multiple regression model based on factor analysis had 
lower correlations (R
2
 = 0.13) than the multiple regression model using the individual 
environmental variables (R
2 
= 0.20).  The multiple regression model using the individual 
environmental variables had a larger coefficient of determination than the LDHH regression 
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model (R
2 
= 0.16), allowing the model to explain more of the variability in enterococci 
concentration. 
Although the applied models explain some of the variability in enterococci concentration, 
they alone were not sufficient for prediction purposes.  The exponential decay model needed 
more afternoon data for testing before complete effectiveness could be determined.  The 
regression models only accounted for a small amount of the variability in enterococci 
concentration, so prediction results could likely yield false positive and false negative advisories.  
The interpretability of the exploratory factor analysis could have been reduced due to the use of 
qualitative (such as categorical data) and quantitative variables together in one model.  Future 
work could focus on collecting more quantitative variable data to replace the qualitative 
variables in the exploratory factor analysis. 
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Chapter 5: Global Discussion and Conclusions 
 The purpose of this chapter is to pull the thesis together by discussing the major findings 
in the preceding chapters.  The scope of the thesis was to examine the historical monitoring of 
fecal-indicator bacteria and the factors that contribute to the persistence and inactivation of 
enterococci concentrations along a Gulf Coast beach.  The four chapters of this thesis discussed: 
1) the history of bacteriological based beach monitoring programs and their shortcomings, 2) 
historical sampling data gathered from a Gulf Coast beach demonstrating a high variation of 
fecal-indicator bacteria concentrations from year to year, 3) the existence and persistence of 
enterococci in beach sands and the inactivation of enterococci caused by solar radiation, and 4) 
the application of prediction models to improve the beach swim advisory system. 
 Current beach water quality monitoring practices in the US require routine sampling of 
coastal beach waters, laboratory analyses, and swim advisories based on fecal-indicator bacteria 
concentrations.  Beachgoers are notified of swimming advisories through sign postings at 
sampling sites on the beach as well as on beach managing agency websites.  Unfortunately, there 
is a time-lag (24-48 hours) associated with current methodologies that yields results and 
advisories of beach water quality that may have changed since the time of sample collection, 
leading to public mis-notification.  This is one of the biggest shortcomings in current coastal 
recreation beach monitoring programs.   
Historical sampling data gathered from a Gulf Coast beach show that while fecal-
indicator bacteria concentrations vary from year to year, enterococci were consistently higher 
than fecal coliform concentrations in marine waters.  Environmental variables recorded during 
the same historical sample collection also varied from year to year and provided no clear 
relationship to the fecal-indicator bacteria concentrations.  Fecal-indicator bacteria 
concentrations were significantly lower in the afternoon than in the morning in collected field 
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samples.  Geometric mean morning fecal coliform and enterococci concentrations were 6.9 ± 4.7 
and 167 ± 5.7 MPN, respectively.  Geometric mean afternoon fecal coliform and enterococci 
concentrations were 3.4 ± 2.7 and 12 ± 2.5 MPN, respectively.  The yearly and daily temporal 
difference concurs with the observed differences along California beaches.   
An investigation into the environmental factors affecting the daily temporal difference in 
enterococci concentration was conducted and found that solar radiation (sunlight) inactivated 
large concentrations (> 24,196 MPN) of enterococci in as little as four hours.  With sunlight 
being detrimental to the persistence of fecal-indicator bacteria in marine waters at different 
salinities (0, 5, 15, 20, and 25 ppt), the time that water samples were collected was important 
when determining the quality of the beach water.  Samples collected later in the day could be 
exposed to sunlight and could contain a lower number of active bacteria.  Experiments also 
showed that higher turbid waters (70 and 140 NTU) provided enterococci the ability to persist 
when exposed to sunlight.  The combination of an active fecal-indicator bacteria source before 
morning sampling and higher turbidity waters could explain why enterococci were still found in 
afternoon samples at coastal beaches. 
While enterococci concentrations were inactivated largely in part by solar radiation, no 
appreciable reactivation of enterococci occurred overnight.  This outcome suggested that 
enterococci are replenished in seawater through an additional source.  One possible source could 
be the beach sands.  Enterococci were found in beach sands and were able to persist for several 
days when incubated in the lab.  The initial geometric mean enterococci concentration was 43 ± 
848 MPN per 100 g wet sand, and after incubation, the geometric mean enterococci 
concentration was 57 ± 1,541 MPN per 100 g wet sand.  The beach sands could be transported to 
near-shore seawater through various transport methods.  Turbidity caused by turbulence in the 
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surf zone could include enterococci-attached sand particles. The addition of enterococci-attached 
sand to the seawater may increase the enterococci concentration, while preventing some of the 
harmful effects of solar radiation.   
In an attempt to apply a model to predict enterococci concentration, two models were 
developed that possess the ability to forecast enterococci concentrations.  The exponential decay 
model was a first order reaction model that predicts enterococci concentrations over the course of 
a day.  The decay coefficient (k) generated for the decay model was 0.120 hr
-1
.  In order to assess 
the efficiency of the model, several years’ worth of afternoon data needs to be collected.  The 
decay coefficient could change due to varying enterococci concentrations from year to year.  
Two linear regression models were applied to predict enterococci concentrations based on 
environmental variables.  The first linear regression model using a factor analysis was not as 
good (R
2
 = 0.13) as the second linear regression model using stepwise selection (R
2 
= 0.20) for 
all of the environmental variables individually.  The second model also had a larger coefficient 
of determination than the current LDHH regression model (R
2 
= 0.16), allowing the model to 
slightly explain more of the variability in enterococci concentration than previous models.  The 
use of the alternative and modified models alone was not sufficient for issuing swim advisories 
along recreation beaches due to the high variability of fecal-indicator bacteria along the Gulf 
Coast.  The regression models only accounted for a small amount of the variability in enterococci 
concentration, so prediction results could likely yield false positive and false negative advisories. 
Future studies could focus on site specific bacteriological source tracking to identify the 
sources of fecal-indicator bacteria at non-point source Gulf Coast beaches.  Finding the source of 
fecal-indicator bacteria, more specifically enterococci, could assist in the development of more 
accurate prediction models.  An on-site system could be developed using rapid detection 
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technology (qualitative polymerase chain reaction) to reduce the lag-time associated with 
bacteriological analyses.   
Overall, this work reaffirms that fecal-indicator bacteria concentration variation is large 
on daily, weekly, and yearly time scales.  Enterococci exist and persist in beach sands, which are 
not monitored as part of current bacteriological monitoring processes, but may be contributing to 
near-shore enterococci concentrations and cause concerns for public health.  Although several 
environmental variables partially explain the variability in enterococci concentration, the large 
variability of enterococci concentrations on various time scales hinders their use in predictive 
models.  The prediction models were not enough to assist in any modifications to the current 
beach swim advisory system.  Future work could focus on collecting more quantitative variable 
data to replace the qualitative variables in the exploratory factor analysis.   
While the current beach swim advisory system is the best management practice available, 
the system will not be sufficient in protecting public health.  Improvements to the current beach 
swim advisory system could be made by using a faster enterococci detection method, monitoring 
the beach sands for enterococci, and finding the source of the enterococci along the northern 
Gulf Coast. 
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 Data Summary - Holly Beach, LA 
Sample 
Date 
Site ID Time Tide Weather 
1/11/2010 Holly 4 3:30 PM High Tide Rising Partly Cloudy 
1/11/2010 LA-27 3:00 PM High Tide Rising Partly Cloudy 
1/11/2010 Holly 2 1:45 PM High Tide Rising Partly Cloudy 
1/11/2010 Field Duplicate (Holly 2) 1:45 PM High Tide Rising Partly Cloudy 
1/11/2010 LA-82 2:30 PM High Tide Rising Partly Cloudy 
1/11/2010 Field Split (LA-82) 2:30 PM High Tide Rising Partly Cloudy 
3/5/2010 Holly 4 3:05 PM Normal Cloudy 
3/5/2010 LA-27 3:20 PM Normal Cloudy 
3/5/2010 Holly 2 3:45 PM Normal Cloudy 
3/5/2010 Field Duplicate (Holly 2) 3:45 PM Normal Cloudy 
3/5/2010 LA-82 4:05 PM Normal Cloudy 
3/5/2010 Field Split (LA-82) 4:05 PM Normal Cloudy 
3/19/2010 Holly 4 1:30 PM Normal Clear 
3/19/2010 LA-27 1:45 PM Normal Clear 
3/19/2010 Holly 2 2:20 PM Normal Clear 
3/19/2010 Field Duplicate (Holly 2) 2:20 PM Normal Clear 
3/19/2010 LA-82 2:00 PM Normal Clear 
3/19/2010 Field Split (LA-82) 2:00 PM Normal Clear 
4/16/2010 Holly 4 2:00 PM Normal Clear 
4/16/2010 LA-27 2:20 PM Normal Clear 
4/16/2010 Field Split (LA-27) 2:20 PM Normal Clear 
4/16/2010 Holly 2 3:00 PM Normal Clear 
4/16/2010 Field Duplicate (Holly 2) 3:00 PM Normal Clear 
5/3/2010 Holly 4 3:30 PM Normal Clear 
5/3/2010 LA-27 4:15 PM Normal Clear 
5/3/2010 Field Split (LA-27) 4:15 PM Normal Clear 
5/3/2010 Holly 2 4:30 PM Normal Clear 
5/3/2010 Field Duplicate (Holly 2) 4:30 PM Normal Clear 
5/10/2010 Holly 4 2:00 PM High Tide Partly Cloudy 
5/10/2010 LA-27 2:30 PM High Tide Partly Cloudy 
5/10/2010 Field Split (LA-27) 2:30 PM High Tide Partly Cloudy 
5/10/2010 Holly 2 3:00 PM High Tide Partly Cloudy 
5/10/2010 Field Duplicate (Holly 2) 3:00 PM High Tide Partly Cloudy 
5/17/2010 Holly 4 1:00 PM High Tide Falling Partly Cloudy 
5/17/2010 LA-27 1:45 PM High Tide Falling Partly Cloudy 
5/17/2010 Field Split (LA-27) 1:45 PM High Tide Falling Partly Cloudy 
5/17/2010 Holly 2 2:10 PM High Tide Falling Partly Cloudy 
5/17/2010 Field Duplicate (Holly 2) 2:10 PM High Tide Falling Partly Cloudy 
5/24/2010 Holly 4 1:30 PM High Tide Falling Partly Cloudy 
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5/24/2010 LA-27 1:45 PM High Tide Falling Partly Cloudy 
5/24/2010 Field Split (LA-27) 1:45 PM High Tide Falling Partly Cloudy 
5/24/2010 Holly 2 1:15 PM High Tide Falling Partly Cloudy 
5/24/2010 Field Duplicate (Holly 2) 1:15 PM High Tide Falling Partly Cloudy 
5/24/2010 Omega Protein 12:45 PM High Tide Falling Partly Cloudy 
5/24/2010 
Telephone Pole 73 
(beach) 
1:00 PM High Tide Falling Partly Cloudy 
5/31/2010 Holly 4 1:20 PM High Tide Partly Cloudy 
5/31/2010 LA-27 1:45 PM High Tide Partly Cloudy 
5/31/2010 Field Split (LA-27) 1:45 PM High Tide Partly Cloudy 
5/31/2010 Holly 2 2:00 PM High Tide Partly Cloudy 
5/31/2010 Field Duplicate (Holly 2) 2:00 PM High Tide Partly Cloudy 
5/31/2010 Holly 2 (extra sample) 1:10 PM High Tide Partly Cloudy 
5/31/2010 Ship Channel 12:45 PM High Tide Partly Cloudy 
5/31/2010 
Telephone Pole 112 
(ditch) 
12:55 PM High Tide Partly Cloudy 
6/7/2010 Holly 4 1:20 PM High Tide Falling Cloudy 
6/7/2010 LA-27 1:30 PM High Tide Falling Cloudy 
6/7/2010 Field Split (LA-27) 1:30 PM High Tide Falling Cloudy 
6/7/2010 Holly 2 1:00 PM High Tide Falling Cloudy 
6/7/2010 Field Duplicate (Holly 2) 1:00 PM High Tide Falling Cloudy 
6/14/2010 Holly 4 1:50 PM High Tide Clear 
6/14/2010 LA-27 2:00 PM High Tide Clear 
6/14/2010 Field Split (LA-27) 2:00 PM High Tide Clear 
6/14/2010 Holly 2 1:20 PM High Tide Clear 
6/14/2010 Field Duplicate (Holly 2) 1:20 PM High Tide Clear 
6/21/2010 Holly 4 1:45 PM High Tide Falling Clear 
6/21/2010 LA-27 1:30 PM High Tide Falling Clear 
6/21/2010 Field Split (LA-27) 1:30 PM High Tide Falling Clear 
6/21/2010 Holly 2 1:00 PM High Tide Falling Clear 
6/21/2010 Field Duplicate (Holly 2) 1:00 PM High Tide Falling Clear 
6/28/2010 Holly 4 1:30 PM High Tide Scattered Clouds 
6/28/2010 Field Split (Holly 4) 1:30 PM High Tide Scattered Clouds 
6/28/2010 LA-27 1:15 PM High Tide Scattered Clouds 
6/28/2010 Holly 2 12:45 PM High Tide Scattered Clouds 
6/28/2010 Field Duplicate (Holly 2) 12:45 PM High Tide Scattered Clouds 
7/6/2010 Holly 4 1:30 PM High Tide Falling Scattered Clouds 
7/6/2010 Field Split (Holly 4) 1:30 PM High Tide Falling Scattered Clouds 
7/6/2010 LA-27 1:20 PM High Tide Falling Scattered Clouds 
7/6/2010 Holly 2 1:00 PM High Tide Falling Scattered Clouds 
7/6/2010 Field Duplicate (Holly 2) 1:00 PM High Tide Falling Scattered Clouds 
7/12/2010 Holly 4 1:25 PM Normal Scattered Clouds 
7/12/2010 Field Split (Holly 4) 1:25 PM Normal Scattered Clouds 
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7/12/2010 Holly 2 1:00 PM Normal Scattered Clouds 
7/12/2010 Field Duplicate (Holly 2) 1:00 PM Normal Scattered Clouds 
7/19/2010 Holly 4 1:15 PM Low Tide Rain 
7/19/2010 Field Split (Holly 4) 1:15 PM Low Tide Rain 
7/19/2010 Holly 2 12:50 PM Low Tide Rain 
7/19/2010 Field Duplicate (Holly 2) 12:50 PM Low Tide Rain 
7/26/2010 Holly 4 1:30 PM Normal Partly Cloudy 
7/26/2010 Field Split (Holly 4) 1:30 PM Normal Partly Cloudy 
7/26/2010 Holly 2 1:00 PM Normal Partly Cloudy 
7/26/2010 Field Duplicate (Holly 2) 1:00 PM Normal Partly Cloudy 
8/2/2010 Holly 4 1:30 PM Low Tide Clear 
8/2/2010 Field Split (Holly 4) 1:30 PM Low Tide Clear 
8/2/2010 Holly 2 1:00 PM Low Tide Clear 
8/2/2010 Field Duplicate (Holly 2) 1:00 PM Low Tide Clear 
8/9/2010 Holly 4 1:30 PM Normal Scattered Clouds 
8/9/2010 Field Split (Holly 4) 1:30 PM Normal Scattered Clouds 
8/9/2010 Holly 2 1:00 PM Normal Scattered Clouds 
8/9/2010 Field Duplicate (Holly 2) 1:00 PM Normal Scattered Clouds 
8/16/2010 Holly 4 1:30 PM Low Tide Cloudy 
8/16/2010 Field Split (Holly 4) 1:30 PM Low Tide Cloudy 
8/16/2010 Holly 2 1:00 PM Low Tide Cloudy 
8/16/2010 Field Duplicate (Holly 2) 1:00 PM Low Tide Cloudy 
8/23/2010 Holly 4 2:15 PM High Tide Clear 
8/23/2010 Field Split (Holly 4) 2:15 PM High Tide Clear 
8/23/2010 Holly 2 1:45 PM High Tide Clear 
8/23/2010 Field Duplicate (Holly 2) 1:45 PM High Tide Clear 
8/30/2010 Holly 4 2:45 PM Low Tide Rising Partly Cloudy 
8/30/2010 Field Split (Holly 4) 2:45 PM Low Tide Rising Partly Cloudy 
8/30/2010 Holly 2 2:20 PM Low Tide Rising Partly Cloudy 
8/30/2010 Field Duplicate (Holly 2) 2:20 PM Low Tide Rising Partly Cloudy 
9/7/2010 Holly 4 2:55 PM High Tide Cloudy 
9/7/2010 Field Split (Holly 4) 2:55 PM High Tide Cloudy 
9/7/2010 Holly 2 2:25 PM High Tide Cloudy 
9/7/2010 Field Duplicate (Holly 2) 2:25 PM High Tide Cloudy 
9/13/2010 Holly 4 2:45 PM Low Tide Rising Scattered Clouds 
9/13/2010 Field Split (Holly 4) 2:45 PM Low Tide Rising Scattered Clouds 
9/13/2010 Holly 2 2:15 PM Low Tide Rising Scattered Clouds 
9/13/2010 Field Duplicate (Holly 2) 2:15 PM Low Tide Rising Scattered Clouds 
9/20/2010 Holly 4 2:50 PM High Tide Falling Partly Cloudy 
9/20/2010 Field Split (Holly 4) 2:50 PM High Tide Falling Partly Cloudy 
9/20/2010 Holly 2 2:30 PM High Tide Falling Partly Cloudy 
9/20/2010 Field Duplicate (Holly 2) 2:30 PM High Tide Falling Partly Cloudy 
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9/27/2010 Holly 4 2:45 PM Low Tide Rising Clear 
9/27/2010 Field Split (Holly 4) 2:45 PM Low Tide Rising Clear 
9/27/2010 Holly 2 2:30 PM Low Tide Rising Clear 
9/27/2010 Field Duplicate (Holly 2) 2:30 PM Low Tide Rising Clear 
10/4/2010 Holly 4 2:45 PM High Tide Falling Clear 
10/4/2010 Field Split (Holly 4) 2:45 PM High Tide Falling Clear 
10/4/2010 Holly 2 2:15 PM High Tide Falling Clear 
10/4/2010 Field Duplicate (Holly 2) 2:15 PM High Tide Falling Clear 
10/11/2010 Holly 4 2:30 PM Low Tide Rising Scattered Clouds 
10/11/2010 Field Split (Holly 4) 2:30 PM Low Tide Rising Scattered Clouds 
10/11/2010 Holly 2 3:00 PM Low Tide Rising Scattered Clouds 
10/11/2010 Field Duplicate (Holly 2) 3:00 PM Low Tide Rising Scattered Clouds 
10/18/2010 Holly 4 2:10 PM High Tide Falling Clear 
10/18/2010 Field Split (Holly 4) 2:10 PM High Tide Falling Clear 
10/18/2010 Holly 2 2:40 PM High Tide Falling Clear 
10/18/2010 Field Duplicate (Holly 2) 2:40 PM High Tide Falling Clear 
10/25/2010 Holly 4 2:10 PM High Tide Rising Partly Cloudy 
10/25/2010 Field Split (Holly 4) 2:10 PM High Tide Rising Partly Cloudy 
10/25/2010 Holly 2 2:30 PM High Tide Rising Partly Cloudy 
10/25/2010 Field Duplicate (Holly 2) 2:30 PM High Tide Rising Partly Cloudy 
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 Data Summary – Holly Beach, LA (cont.) 
Sample 
Date 
Wind 
Direction 
Wind Speed 
Water 
Temp 
(°C) 
1/11/2010 ENE Moderate-Light (5-10 mph) 8.4 
1/11/2010 ENE Moderate-Light (5-10 mph) 6.8 
1/11/2010 ENE Moderate-Light (5-10 mph) 8.0 
1/11/2010 ENE Moderate-Light (5-10 mph) 8.0 
1/11/2010 ENE Moderate-Light (5-10 mph) 7.5 
1/11/2010 ENE Moderate-Light (5-10 mph) 7.5 
3/5/2010 WNW Moderate-Light (5-10 mph) 15.0 
3/5/2010 WNW Moderate-Light (5-10 mph) 15.7 
3/5/2010 WNW Moderate-Light (5-10 mph) 14.2 
3/5/2010 WNW Moderate-Light (5-10 mph) 14.2 
3/5/2010 WNW Moderate-Light (5-10 mph) 16.4 
3/5/2010 WNW Moderate-Light (5-10 mph) 16.4 
3/19/2010 NW Light (0-5 mph) 19.2 
3/19/2010 NW Light (0-5 mph) 21.7 
3/19/2010 NW Light (0-5 mph) 20.2 
3/19/2010 NW Light (0-5 mph) 20.2 
3/19/2010 NW Light (0-5 mph) 21.9 
3/19/2010 NW Light (0-5 mph) 21.9 
4/16/2010 SSE Light (0-5 mph) 23.8 
4/16/2010 SSE Light (0-5 mph) 24.0 
4/16/2010 SSE Light (0-5 mph) 24.0 
4/16/2010 SSE Light (0-5 mph) 24.5 
4/16/2010 SSE Light (0-5 mph) 24.5 
5/3/2010 SW Moderate (10-15 mph) 27.3 
5/3/2010 SW Moderate (10-15 mph) 32.0 
5/3/2010 SW Moderate (10-15 mph) 32.0 
5/3/2010 SW Moderate (10-15 mph) 28.0 
5/3/2010 SW Moderate (10-15 mph) 28.0 
5/10/2010 WNW Moderate (10-15 mph) 25.7 
5/10/2010 WNW Moderate (10-15 mph) 30.7 
5/10/2010 WNW Moderate (10-15 mph) 30.7 
5/10/2010 WNW Moderate (10-15 mph) 25.9 
5/10/2010 WNW Moderate (10-15 mph) 25.9 
5/17/2010 SSE Moderate-Light (5-10 mph) 29.5 
5/17/2010 SSE Moderate-Light (5-10 mph) 32.0 
5/17/2010 SSE Moderate-Light (5-10 mph) 32.0 
5/17/2010 SSE Moderate-Light (5-10 mph) 30.2 
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5/17/2010 SSE Moderate-Light (5-10 mph) 30.2 
5/24/2010 WNW Moderate-Light (5-10 mph) 30.7 
5/24/2010 WNW Moderate-Light (5-10 mph) 31.9 
5/24/2010 WNW Moderate-Light (5-10 mph) 31.9 
5/24/2010 WNW Moderate-Light (5-10 mph) 30.4 
5/24/2010 WNW Moderate-Light (5-10 mph) 30.4 
5/24/2010 WNW Moderate-Light (5-10 mph) NA 
5/24/2010 WNW Moderate-Light (5-10 mph) 30.8 
5/31/2010 S Moderate-Light (5-10 mph) 30.5 
5/31/2010 S Moderate-Light (5-10 mph) 33.5 
5/31/2010 S Moderate-Light (5-10 mph) 33.5 
5/31/2010 S Moderate-Light (5-10 mph) 30.5 
5/31/2010 S Moderate-Light (5-10 mph) 30.5 
5/31/2010 S Moderate-Light (5-10 mph) NA 
5/31/2010 S Moderate-Light (5-10 mph) NA 
5/31/2010 S Moderate-Light (5-10 mph) NA 
6/7/2010 SSE Moderate-Light (5-10 mph) 30.9 
6/7/2010 SSE Moderate-Light (5-10 mph) 31.9 
6/7/2010 SSE Moderate-Light (5-10 mph) 31.9 
6/7/2010 SSE Moderate-Light (5-10 mph) 31.0 
6/7/2010 SSE Moderate-Light (5-10 mph) 31.0 
6/14/2010 SSE Moderate-Light (5-10 mph) 32.9 
6/14/2010 SSE Moderate-Light (5-10 mph) 35.1 
6/14/2010 SSE Moderate-Light (5-10 mph) 35.1 
6/14/2010 SSE Moderate-Light (5-10 mph) 32.2 
6/14/2010 SSE Moderate-Light (5-10 mph) 32.2 
6/21/2010 SSE Moderate-Light (5-10 mph) 34.0 
6/21/2010 SSE Moderate-Light (5-10 mph) 35.2 
6/21/2010 SSE Moderate-Light (5-10 mph) 35.2 
6/21/2010 SSE Moderate-Light (5-10 mph) 33.5 
6/21/2010 SSE Moderate-Light (5-10 mph) 33.5 
6/28/2010 E Moderate-Light (5-10 mph) 28.3 
6/28/2010 E Moderate-Light (5-10 mph) 28.3 
6/28/2010 E Moderate-Light (5-10 mph) 31.8 
6/28/2010 E Moderate-Light (5-10 mph) 32.7 
6/28/2010 E Moderate-Light (5-10 mph) 32.7 
7/6/2010 NE Light (0-5 mph) 28.8 
7/6/2010 NE Light (0-5 mph) 28.8 
7/6/2010 NE Light (0-5 mph) 31.4 
7/6/2010 NE Light (0-5 mph) 27.2 
7/6/2010 NE Light (0-5 mph) 27.2 
7/12/2010 SW Moderate-Strong (15-20 mph) 30.7 
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7/12/2010 SW Moderate-Strong (15-20 mph) 30.7 
7/12/2010 SW Moderate-Strong (15-20 mph) 30.5 
7/12/2010 SW Moderate-Strong (15-20 mph) 30.5 
7/19/2010 N Light (0-5 mph) 29.3 
7/19/2010 N Light (0-5 mph) 29.3 
7/19/2010 N Light (0-5 mph) 28.7 
7/19/2010 N Light (0-5 mph) 28.7 
7/26/2010 SSE Moderate-Light (5-10 mph) 31.9 
7/26/2010 SSE Moderate-Light (5-10 mph) 31.9 
7/26/2010 SSE Moderate-Light (5-10 mph) 32.3 
7/26/2010 SSE Moderate-Light (5-10 mph) 32.3 
8/2/2010 S Moderate-Light (5-10 mph) 33.2 
8/2/2010 S Moderate-Light (5-10 mph) 33.2 
8/2/2010 S Moderate-Light (5-10 mph) 32.5 
8/2/2010 S Moderate-Light (5-10 mph) 32.5 
8/9/2010 SSW Moderate-Light (5-10 mph) 33.1 
8/9/2010 SSW Moderate-Light (5-10 mph) 33.1 
8/9/2010 SSW Moderate-Light (5-10 mph) 33.6 
8/9/2010 SSW Moderate-Light (5-10 mph) 33.6 
8/16/2010 SSW Light (0-5 mph) 31.8 
8/16/2010 SSW Light (0-5 mph) 31.8 
8/16/2010 SSW Light (0-5 mph) 31.7 
8/16/2010 SSW Light (0-5 mph) 31.7 
8/23/2010 WNW Light (0-5 mph) 31.4 
8/23/2010 WNW Light (0-5 mph) 31.4 
8/23/2010 WNW Light (0-5 mph) 31.3 
8/23/2010 WNW Light (0-5 mph) 31.3 
8/30/2010 SSE Moderate-Strong (15-20 mph) 29.8 
8/30/2010 SSE Moderate-Strong (15-20 mph) 29.8 
8/30/2010 SSE Moderate-Strong (15-20 mph) 30.0 
8/30/2010 SSE Moderate-Strong (15-20 mph) 30.0 
9/7/2010 SSE Strong (20-35 mph) 29.8 
9/7/2010 SSE Strong (20-35 mph) 29.8 
9/7/2010 SSE Strong (20-35 mph) 30.2 
9/7/2010 SSE Strong (20-35 mph) 30.2 
9/13/2010 SE Moderate-Light (5-10 mph) 33.2 
9/13/2010 SE Moderate-Light (5-10 mph) 33.2 
9/13/2010 SE Moderate-Light (5-10 mph) 32.5 
9/13/2010 SE Moderate-Light (5-10 mph) 32.5 
9/20/2010 ESE Moderate-Light (5-10 mph) 32.1 
9/20/2010 ESE Moderate-Light (5-10 mph) 32.1 
9/20/2010 ESE Moderate-Light (5-10 mph) 30.1 
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9/20/2010 ESE Moderate-Light (5-10 mph) 30.1 
9/27/2010 N Moderate-Light (5-10 mph) 28.2 
9/27/2010 N Moderate-Light (5-10 mph) 28.2 
9/27/2010 N Moderate-Light (5-10 mph) 27.4 
9/27/2010 N Moderate-Light (5-10 mph) 27.4 
10/4/2010 ENE Moderate-Light (5-10 mph) 23.0 
10/4/2010 ENE Moderate-Light (5-10 mph) 23.0 
10/4/2010 ENE Moderate-Light (5-10 mph) 24.3 
10/4/2010 ENE Moderate-Light (5-10 mph) 24.3 
10/11/2010 S Moderate-Strong (15-20 mph) 27.9 
10/11/2010 S Moderate-Strong (15-20 mph) 27.9 
10/11/2010 S Moderate-Strong (15-20 mph) 27.3 
10/11/2010 S Moderate-Strong (15-20 mph) 27.3 
10/18/2010 SSE Moderate (10-15 mph) 26.0 
10/18/2010 SSE Moderate (10-15 mph) 26.0 
10/18/2010 SSE Moderate (10-15 mph) 26.6 
10/18/2010 SSE Moderate (10-15 mph) 26.6 
10/25/2010 SSW Moderate-Strong (15-20 mph) 27.3 
10/25/2010 SSW Moderate-Strong (15-20 mph) 27.3 
10/25/2010 SSW Moderate-Strong (15-20 mph) 27.4 
10/25/2010 SSW Moderate-Strong (15-20 mph) 27.4 
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Data Summary – Holly Beach, LA (cont.) 
Sample 
Date 
Chl-a 
(mg/m
3
) 
Turbidity 
(NTU) 
pH 
Conductivity 
(mS/cm) 
Salinity 
(ppt) 
Dissolved 
Oxygen 
(mg/L) 
1/11/2010 2.51 23.5 8.43 35.0 33.4 12.15 
1/11/2010 1.66 14.5 7.96 3.5 2.9 11.50 
1/11/2010 3.63 14.5 8.34 35.0 33.7 10.95 
1/11/2010 2.54 16.0 8.34 35.0 33.7 10.95 
1/11/2010 2.19 15.0 8.18 3.5 2.8 10.65 
1/11/2010 2.00 14.0 8.18 3.5 2.8 10.65 
3/5/2010 1.86 22.2 7.79 39.4 31.8 13.60 
3/5/2010 19.38 25.1 8.16 3.5 2.3 14.80 
3/5/2010 2.36 25.7 7.97 39.2 32.3 9.96 
3/5/2010 2.68 28.6 7.97 39.2 32.3 9.96 
3/5/2010 15.32 21.6 8.33 3.6 2.3 11.31 
3/5/2010 15.86 21.7 8.33 3.6 2.3 11.31 
3/19/2010 12.77 65.8 8.37 40.2 29.3 10.20 
3/19/2010 16.86 86.1 7.75 4.4 2.5 9.25 
3/19/2010 12.13 67.2 8.53 40.4 28.8 9.50 
3/19/2010 10.31 66.1 8.53 40.4 28.8 9.50 
3/19/2010 18.95 86.1 8.08 4.5 2.5 8.70 
3/19/2010 18.04 95.7 8.08 4.5 2.5 8.70 
4/16/2010 21.96 154.0 7.59 22.3 13.8 8.74 
4/16/2010 21.14 79.3 6.35 34.1 21.9 10.60 
4/16/2010 19.86 69.1 6.35 34.1 21.9 10.60 
4/16/2010 18.46 193.0 7.22 21.6 13.1 8.40 
4/16/2010 19.73 201.0 7.22 21.6 13.1 8.40 
5/3/2010 9.18 93.7 8.34 33.1 20.6 7.40 
5/3/2010 20.27 69.5 8.40 34.6 21.6 8.53 
5/3/2010 20.62 67.8 8.40 34.6 21.6 8.53 
5/3/2010 7.37 97.1 7.78 33.2 20.8 6.80 
5/3/2010 7.22 98.0 7.78 33.2 20.8 6.80 
5/10/2010 6.66 265.5 8.04 34.3 21.5 7.61 
5/10/2010 14.57 128.0 8.39 34.8 21.9 11.11 
5/10/2010 13.51 154.5 8.39 34.8 21.9 11.11 
5/10/2010 8.40 259.0 8.28 34.6 21.7 7.54 
5/10/2010 8.50 261.0 8.28 34.6 21.7 7.54 
5/17/2010 41.99 82.3 8.36 23.7 14.4 9.05 
5/17/2010 18.53 35.5 8.25 32.9 20.5 9.20 
5/17/2010 20.98 40.2 8.25 32.9 20.5 9.20 
5/17/2010 31.92 77.5 8.52 23.0 13.8 11.32 
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5/17/2010 19.67 88.1 8.52 23.0 13.8 11.32 
5/24/2010 4.48 84.2 8.70 29.8 18.4 7.65 
5/24/2010 17.68 53.1 8.36 38.3 24.3 10.37 
5/24/2010 16.48 65.7 8.36 38.3 24.3 10.37 
5/24/2010 5.61 80.8 8.86 29.2 18.0 7.53 
5/24/2010 6.88 80.6 8.86 29.2 18.0 7.53 
5/24/2010 7.75 63.5 NA NA NA NA 
5/24/2010 5.33 184.0 8.56 27.6 16.8 7.25 
5/31/2010 20.43 84.4 8.38 31.2 19.4 7.82 
5/31/2010 28.38 60.4 8.59 28.5 17.5 10.67 
5/31/2010 28.33 51.0 8.59 28.5 17.5 10.67 
5/31/2010 15.86 90.8 8.42 31.2 19.4 7.10 
5/31/2010 22.76 84.2 8.42 31.2 19.4 7.10 
5/31/2010 NA 87.2 NA NA NA NA 
5/31/2010 7.25 46.9 NA NA NA NA 
5/31/2010 31.00 48.6 NA NA NA NA 
6/7/2010 12.25 59.3 8.22 38.2 24.2 6.28 
6/7/2010 14.63 79.9 8.32 21.3 12.8 7.05 
6/7/2010 17.47 88.7 8.32 21.3 12.8 7.05 
6/7/2010 17.23 47.8 8.21 38.4 24.4 6.95 
6/7/2010 14.73 41.5 8.21 38.4 24.4 6.95 
6/14/2010 24.20 157.0 8.29 16.9 9.9 6.33 
6/14/2010 24.94 70.4 8.49 27.1 NA 10.45 
6/14/2010 24.00 66.9 8.49 27.1 NA 10.45 
6/14/2010 23.45 164.0 8.40 16.3 9.5 6.70 
6/14/2010 19.67 167.0 8.40 16.3 9.5 6.70 
6/21/2010 24.30 122.0 8.00 31.3 19.4 3.91 
6/21/2010 44.16 89.1 8.39 28.2 16.8 9.08 
6/21/2010 33.35 82.5 8.39 28.2 16.8 9.08 
6/21/2010 25.45 76.1 8.15 25.1 15.2 7.47 
6/21/2010 23.76 74.6 8.15 25.1 15.2 7.47 
6/28/2010 10.78 120.5 8.45 25.5 15.5 5.98 
6/28/2010 12.06 112.0 8.45 25.5 15.5 5.98 
6/28/2010 34.59 54.7 8.51 33.9 21.2 8.01 
6/28/2010 11.27 122.5 8.50 23.3 14.0 6.15 
6/28/2010 10.82 119.0 8.50 23.3 14.0 6.15 
7/6/2010 8.07 98.9 8.19 17.0 10.0 6.32 
7/6/2010 9.57 98.4 8.19 17.0 10.0 6.32 
7/6/2010 44.49 41.7 8.06 29.4 18.1 10.02 
7/6/2010 9.76 76.0 8.13 19.2 11.4 6.27 
7/6/2010 6.66 75.5 8.13 19.2 11.4 6.27 
7/12/2010 14.74 486.5 8.09 32.6 20.3 6.41 
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7/12/2010 13.98 488.5 8.09 32.6 20.3 6.41 
7/12/2010 10.77 426.0 8.21 31.2 19.4 6.72 
7/12/2010 12.31 435.5 8.21 31.2 19.4 6.72 
7/19/2010 18.34 87.2 8.16 40.3 25.7 6.44 
7/19/2010 15.35 69.9 8.16 40.3 25.7 6.44 
7/19/2010 18.59 89.0 8.18 39.6 25.2 6.34 
7/19/2010 19.04 96.9 8.18 39.6 25.2 6.34 
7/26/2010 57.49 72.4 8.60 21.6 13.0 8.02 
7/26/2010 58.22 80.8 8.60 21.6 13.0 8.02 
7/26/2010 55.60 68.2 8.59 21.3 12.8 7.98 
7/26/2010 56.08 70.4 8.59 21.3 12.8 7.98 
8/2/2010 33.50 87.8 8.04 37.9 24.0 8.65 
8/2/2010 29.40 89.7 8.04 37.9 24.0 8.65 
8/2/2010 24.79 95.0 8.01 38.1 24.1 8.15 
8/2/2010 26.33 94.2 8.01 38.1 24.1 8.15 
8/9/2010 33.37 121.0 8.11 42.1 27.0 6.69 
8/9/2010 34.12 126.5 8.11 42.1 27.0 6.69 
8/9/2010 24.01 105.0 8.15 41.4 26.5 6.90 
8/9/2010 24.76 104.5 8.15 41.4 26.5 6.90 
8/16/2010 22.01 134.5 8.06 44.0 28.3 6.93 
8/16/2010 22.05 133.5 8.06 44.0 28.3 6.93 
8/16/2010 22.79 174.5 7.95 43.9 28.3 6.69 
8/16/2010 22.38 176.0 7.95 43.9 28.3 6.69 
8/23/2010 27.29 199.0 8.10 44.0 28.5 6.52 
8/23/2010 26.68 180.0 8.10 44.0 28.5 6.52 
8/23/2010 24.63 152.5 8.07 44.1 28.5 6.50 
8/23/2010 26.89 156.0 8.07 44.1 28.5 6.50 
8/30/2010 15.81 135.0 8.19 28.2 15.7 6.96 
8/30/2010 14.52 133.5 8.19 28.2 15.7 6.96 
8/30/2010 13.68 124.5 8.15 27.3 15.1 7.04 
8/30/2010 14.38 109.0 8.15 27.3 15.1 7.04 
9/7/2010 17.27 652.5 8.16 29.6 16.5 7.75 
9/7/2010 15.40 653.5 8.16 29.6 16.5 7.75 
9/7/2010 17.41 661.0 8.12 33.3 20.8 6.16 
9/7/2010 18.11 658.0 8.12 33.3 20.8 6.16 
9/13/2010 68.28 126.5 8.26 34.3 19.3 10.63 
9/13/2010 93.27 125.5 8.26 34.3 19.3 10.63 
9/13/2010 69.64 141.5 8.29 36.2 20.5 11.09 
9/13/2010 67.26 141.5 8.29 36.2 20.5 11.09 
9/20/2010 21.76 114.5 8.15 37.6 21.4 6.59 
9/20/2010 22.61 113.5 8.15 37.6 21.4 6.59 
9/20/2010 18.73 141.5 8.06 35.6 20.2 6.82 
93 
9/20/2010 21.81 136.5 8.06 35.6 20.2 6.82 
9/27/2010 45.91 153.0 8.21 30.8 17.8 6.61 
9/27/2010 46.12 144.5 8.21 30.8 17.8 6.61 
9/27/2010 24.50 153.0 8.16 27.3 15.9 4.48 
9/27/2010 24.54 145.0 8.16 27.3 15.9 4.48 
10/4/2010 16.45 79.2 8.34 37.8 25.0 6.56 
10/4/2010 13.91 80.3 8.34 37.8 25.0 6.56 
10/4/2010 13.68 87.4 8.35 34.7 22.1 6.98 
10/4/2010 14.47 89.4 8.35 34.7 22.1 6.98 
10/11/2010 17.13 34.0 8.30 35.7 21.1 6.39 
10/11/2010 18.35 30.9 8.30 35.7 21.1 6.39 
10/11/2010 19.67 47.3 8.32 34.3 20.5 5.49 
10/11/2010 20.18 44.3 8.32 34.3 20.5 5.49 
10/18/2010 20.27 37.8 8.44 27.9 16.8 8.16 
10/18/2010 21.12 34.4 8.44 27.9 16.8 8.16 
10/18/2010 14.44 42.4 8.47 27.6 16.3 8.07 
10/18/2010 14.90 42.6 8.47 27.6 16.3 8.07 
10/25/2010 62.66 331.5 8.14 40.0 24.3 7.34 
10/25/2010 60.64 291.0 8.14 40.0 24.3 7.34 
10/25/2010 54.95 364.0 8.17 40.0 24.3 7.14 
10/25/2010 53.55 306.5 8.17 40.0 24.3 7.14 
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Data Summary – Bacterial Concentrations – Holly Beach, LA 
Sample 
Date 
Total 
Coliforms 
(MPN/100 mL) 
FecalColiform  
(MPN/100 
mL) 
E. Coli  
(MPN/100 
mL) 
Enterococci  
(MPN/100 
mL) 
1/11/2010 2.0 2.0 2.0 5 
1/11/2010 1260.0 28.4 2.0 5 
1/11/2010 2.0 2.0 2.0 5 
1/11/2010 3.3 2.0 2.0 5 
1/11/2010 445.0 15.0 3.3 7 
1/11/2010 540.0 41.0 5.7 7 
3/5/2010 2.0 2.0 2.0 5 
3/5/2010 1600.0 NA NA 42 
3/5/2010 4.9 NA NA 5 
3/5/2010 7.8 NA NA 5 
3/5/2010 1600.0 NA NA 58 
3/5/2010 1600.0 NA NA 25 
3/19/2010 9.4 7.3 3.0 15 
3/19/2010 1600.0 1020.0 41.5 99 
3/19/2010 7.8 5.7 4.3 5 
3/19/2010 6.2 6.2 4.5 5 
3/19/2010 1600.0 834.5 30.0 144 
3/19/2010 1600.0 155.5 14.8 113 
4/16/2010 89.5 1.9 2.0 10 
4/16/2010 79.0 4.3 1.0 NA 
4/16/2010 89.5 2.0 1.0 NA 
4/16/2010 19.9 3.2 2.0 31 
4/16/2010 94.5 1.0 2.0 21 
5/3/2010 62.0 2.0 2.0 5 
5/3/2010 445.0 9.4 4.5 69 
5/3/2010 350.0 30.0 12.4 25 
5/3/2010 36.0 2.0 2.0 10 
5/3/2010 117.0 2.0 2.0 15 
5/10/2010 11.0 2.0 2.0 5 
5/10/2010 12.4 2.0 2.0 37 
5/10/2010 7.3 2.0 2.0 15 
5/10/2010 15.4 2.0 2.0 10 
5/10/2010 7.8 2.0 2.0 5 
5/17/2010 4.5 1.0 2.0 5 
5/17/2010 540.0 17.0 14.0 58 
5/17/2010 170.0 31.0 23.0 121 
5/17/2010 6.2 2.0 2.0 5 
5/17/2010 13.0 2.0 2.0 5 
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5/24/2010 33.0 2.0 2.0 5 
5/24/2010 240.0 2.0 2.0 10 
5/24/2010 33.0 1.0 2.0 15 
5/24/2010 13.0 1.0 1.0 15 
5/24/2010 13.0 1.0 1.0 58 
5/24/2010 730.0 23.0 2.0 85 
5/24/2010 7.8 2.0 2.0 5 
5/31/2010 125.0 2.0 2.0 13 
5/31/2010 1600.0 105.0 70.5 561 
5/31/2010 1600.0 49.0 33.0 307 
5/31/2010 112.5 2.0 2.0 8 
5/31/2010 120.0 3.0 1.9 8 
5/31/2010 1600.0 2.0 2.0 5 
5/31/2010 920.0 2.0 2.0 10 
5/31/2010 920.0 4.5 4.5 10 
6/7/2010 260.0 3.3 2.0 5 
6/7/2010 179.5 4.3 2.0 73 
6/7/2010 155.0 2.0 2.0 81 
6/7/2010 225.0 2.0 2.0 10 
6/7/2010 230.0 2.0 2.0 23 
6/14/2010 81.5 2.0 2.0 5 
6/14/2010 62.5 2.0 2.0 15 
6/14/2010 26.5 2.0 2.0 36 
6/14/2010 108.5 2.0 2.0 8 
6/14/2010 94.5 2.0 2.0 20 
6/21/2010 1600.0 19.0 8.8 57 
6/21/2010 635.0 2.0 2.0 143 
6/21/2010 1070.0 4.9 2.0 208 
6/21/2010 1600.0 2.0 2.0 5 
6/21/2010 1260.0 2.0 2.0 36 
6/28/2010 1250.0 2.0 2.0 52 
6/28/2010 1250.0 4.0 2.0 31 
6/28/2010 700.0 2.0 2.0 13 
6/28/2010 1600.0 10.0 2.0 42 
6/28/2010 1600.0 11.0 3.0 57 
7/6/2010 1600.0 2.0 2.0 8 
7/6/2010 540.0 2.0 2.0 5 
7/6/2010 1600.0 33.0 4.3 25 
7/6/2010 1600.0 2.0 2.0 8 
7/6/2010 1070.0 2.0 2.0 5 
7/12/2010 1600.0 13.5 13.5 20 
7/12/2010 1600.0 12.0 7.8 42 
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7/12/2010 1600.0 19.5 11.9 18 
7/12/2010 1600.0 24.0 15.2 173 
7/19/2010 920.0 2.0 2.0 64 
7/19/2010 1260.0 2.0 2.0 5 
7/19/2010 1600.0 2.0 2.0 208 
7/19/2010 1600.0 2.0 2.0 183 
7/26/2010 1600.0 88.0 81.5 13 
7/26/2010 1600.0 56.0 41.0 10 
7/26/2010 1600.0 64.0 64.0 8 
7/26/2010 1600.0 47.5 41.0 5 
8/2/2010 1600.0 4.5 4.5 5 
8/2/2010 1600.0 4.5 4.5 13 
8/2/2010 1600.0 2.0 2.0 8 
8/2/2010 1600.0 3.3 2.0 5 
8/9/2010 380.0 4.9 4.9 5 
8/9/2010 124.5 2.0 2.0 13 
8/9/2010 104.5 2.0 2.0 15 
8/9/2010 205.0 3.3 3.3 5 
8/16/2010 90.0 1.9 1.9 8 
8/16/2010 89.5 2.0 2.0 8 
8/16/2010 79.5 2.0 2.0 8 
8/16/2010 149.5 2.0 2.0 10 
8/23/2010 130.0 10.7 10.7 21 
8/23/2010 124.5 15.0 12.4 13 
8/23/2010 64.0 15.4 10.4 15 
8/23/2010 260.0 3.3 2.0 8 
8/30/2010 41.0 2.0 2.0 15 
8/30/2010 32.0 2.0 2.0 5 
8/30/2010 56.0 2.0 2.0 8 
8/30/2010 28.0 2.0 2.0 13 
9/7/2010 730.0 2.0 2.0 47 
9/7/2010 295.0 4.9 2.0 68 
9/7/2010 635.0 5.9 1.9 42 
9/7/2010 730.0 3.3 2.0 69 
9/13/2010 175.0 33.5 33.5 13 
9/13/2010 355.0 89.5 89.5 15 
9/13/2010 260.0 1.9 1.9 8 
9/13/2010 260.0 3.3 2.0 8 
9/20/2010 730.0 2.0 2.0 20 
9/20/2010 1600.0 4.5 2.0 31 
9/20/2010 1260.0 3.0 3.0 57 
9/20/2010 1600.0 2.0 2.0 23 
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9/27/2010 1600.0 2.0 2.0 5 
9/27/2010 1600.0 2.0 2.0 8 
9/27/2010 1600.0 2.0 2.0 58 
9/27/2010 1260.0 2.0 2.0 8 
10/4/2010 1600.0 2.0 2.0 8 
10/4/2010 1600.0 2.0 2.0 5 
10/4/2010 1600.0 2.0 2.0 8 
10/4/2010 1600.0 2.0 2.0 8 
10/11/2010 1600.0 2.0 2.0 5 
10/11/2010 1600.0 2.0 2.0 5 
10/11/2010 1600.0 2.0 2.0 18 
10/11/2010 1600.0 2.0 2.0 5 
10/18/2010 1600.0 2.0 2.0 5 
10/18/2010 1600.0 2.0 2.0 5 
10/18/2010 1600.0 2.0 2.0 5 
10/18/2010 1600.0 2.0 2.0 5 
10/25/2010 1600.0 6.2 4.5 25 
10/25/2010 1600.0 7.8 6.2 15 
10/25/2010 1600.0 9.4 4.9 72 
10/25/2010 1600.0 10.4 7.8 127 
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Appendix B: Experimental Data 
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 Preliminary Experiment Data – Containers Exposed to Sunlight 
Time 
Irradiance 
(µmol / m
2
/s) 
Container 
Enterococci 
(MPN/100 mL) 
Salinity 
(ppt) 
Temp 
(°C) 
4:00 AM 0.1839 
1A > 24,196 5.4 21.8 
1B 4,520 5.4 21.7 
1C 783 5.4 21.8 
2A 971 15.4 21.3 
2B 590 15.4 21.3 
2C 161 15.4 21.3 
3A < 10 25.2 21.6 
3B < 10 25.2 21.6 
3C < 10 25.2 21.6 
8:00 AM 670 
1A 24,196 5.4 25.6 
1B > 24,196 5.3 25.1 
1C > 24,196 5.2 25.2 
2A 248 15.0 25.3 
2B 20 15.9 26.4 
2C < 10 15.7 25.8 
3A < 10 25.5 26.0 
3B < 10 25.9 26.0 
3C < 10 25.7 25.9 
1:00 PM 2115 
1A < 10 5.7 37.4 
1B < 10 5.5 37.7 
1C < 10 5.5 38.3 
2A < 10 15.8 38.0 
2B < 10 16.1 37.9 
2C < 10 15.3 37.7 
3A < 10 26.0 38.2 
3B < 10 26.0 37.9 
3C < 10 25.8 38.1 
6:00 PM 957.5 
1A < 10 6.1 35.3 
1B < 10 5.9 36.4 
1C < 10 5.8 36.2 
2A < 10 16.9 36.1 
2B < 10 17.0 35.7 
2C < 10 16.8 35.8 
3A < 10 27.9 35.4 
3B < 10 27.8 35.7 
3C < 10 28.5 35.3 
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Preliminary Experiment Data – Containers Held in the Dark 
Time 
Irradiance 
(µmol / m
2
/s) 
Container 
Enterococci 
(MPN/100 mL) 
Salinity 
(ppt) 
Temp (°C) 
4:00 AM 0.00162 
1A > 24,196 5.4 21.5 
1B > 24,196 5.4 21.5 
1C > 24,196 5.4 21.5 
2A > 24,196 15.4 21.3 
2B > 24,196 15.4 21.4 
2C > 24,196 15.4 21.3 
3A > 24,196 25.1 21.6 
3B > 24,196 25.1 21.5 
3C > 24,196 25.1 21.5 
8:00 AM 1.968 
1A > 24,196 5.4 24.9 
1B > 24,196 5.4 24.8 
1C > 24,196 5.4 24.9 
2A > 24,196 15.4 25.0 
2B > 24,196 15.5 24.8 
2C > 24,196 15.6 24.8 
3A > 24,196 25.3 25.0 
3B > 24,196 25.3 25.1 
3C > 24,196 25.3 24.9 
1:00 PM 2.83 
1A 917 5.4 33.2 
1B < 10 5.4 32.7 
1C < 10 5.5 33.1 
2A < 10 15.5 32.7 
2B < 10 15.5 33.1 
2C < 10 15.9 32.7 
3A < 10 25.4 32.9 
3B < 10 25.4 33.0 
3C < 10 25.4 33.4 
6:00 PM 1.563 
1A 269 5.5 35.6 
1B 657 5.4 35.9 
1C < 10 5.5 35.8 
2A < 10 15.6 35.6 
2B < 10 15.7 35.5 
2C 10 15.6 35.4 
3A < 10 25.6 35.5 
3B < 10 25.6 35.5 
3C < 10 25.6 35.4 
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Preliminary Experiment to Determine the Effects of Salinity, Turbidity, and Solar 
Radiation on Enterococci 
Time 
Irradiance 
(µmol / m
2
/s) 
Container 
Enterococci 
(MPN/100 mL) 
Salinity 
(ppt) 
Temp 
(°C) 
7:00 
AM 
0.0153 Dark > 24,196 20.1 21.3 
0.749 
Blank < 10 20.2 21.3 
Turbid > 24,196 20.1 21.2 
Fresh > 24,196 0.0 21.3 
A > 24,196 20.2 21.1 
B > 24,196 20.2 21.2 
C > 24,196 20.1 21.2 
11:00 
AM 
1.263 Dark > 24,196 21.0 26.0 
4422 
Blank < 10 22.1 30.1 
Turbid > 24,196 21.3 33.5 
Fresh < 10 0.0 30.3 
A < 10 21.0 30.3 
B < 10 21.3 30.4 
C < 10 21.1 30.5 
3:00 PM 
3.291 Dark > 24,196 21.5 27.7 
4389 
Blank < 10 22.3 31.3 
Turbid > 24,196 21.6 34.2 
Fresh < 10 0.0 31.5 
A < 10 22.0 31.6 
B < 10 21.7 31.7 
C < 10 21.8 31.9 
7:00 PM 
0.03043 Dark > 24,196 21.7 22.1 
1.185 
Blank < 10 22.4 19.5 
Turbid > 24,196 21.7 19.5 
Fresh < 10 0.0 20.6 
A 10 22.1 19.5 
B 10 21.6 19.6 
C < 10 21.6 19.9 
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 Effects of Solar Radiation on Enterococci in Field-Like Conditions 
Time Sunlight 
Irradiance 
(µmol / m
2
/s) 
Container 
Enterococci 
(MPN/ 100 mL) 
Salinity 
(ppt) 
Temp 
(°C) 
7:00 AM 
DARK 0.0126 
1A > 24,196 20.0 21.5 
1B > 24,196 20.0 21.5 
1C > 24,196 19.9 21.5 
LIGHT 50.4725 
1A > 24,196 20.0 21.5 
1B > 24,196 19.9 21.5 
1C > 24,196 20.1 21.5 
11:00 AM 
DARK 2.88025 
1A 24,196 21.3 25.0 
1B > 24,196 22.0 25.3 
1C > 24,196 21.5 25.2 
LIGHT 4473.75 
1A < 10 21.3 25.1 
1B 10 21.1 25.1 
1C < 10 21.1 25.2 
3:00 PM 
DARK 2.139 
1A 12,997 20.8 33.6 
1B 24,196 21.5 33.3 
1C 15,531 21.2 33.3 
LIGHT 4382.25 
1A < 10 21.0 32.0 
1B < 10 20.9 31.9 
1C < 10 20.8 32.0 
7:00 PM 
DARK 0.0154 
1A 12,997 20.8 25.7 
1B 24,196 20.8 25.9 
1C 12,997 20.5 25.9 
LIGHT 2.4545 
1A < 10 20.5 25.5 
1B < 10 20.1 25.3 
1C < 10 20.7 25.3 
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Effect of Solar Radiation on Turbid Waters 
Time 
Irradiance 
(µmol / m
2
/s) 
Container 
Enterococci 
(MPN/ 100 mL) 
Salinity 
(ppt) 
Temp 
(°C) 
6:00 AM 12.62 
0 A > 24,196 20.6 14.5 
0 B > 24,196 20.5 14.2 
0 C > 24,196 20.5 14.2 
70 A > 24,196 21.2 14.3 
70 B > 24,196 21.5 14.1 
70 C > 24,196 21.5 14.3 
140 A > 24,196 19.8 14.3 
140 B > 24,196 19.6 14.3 
140 C > 24,196 19.6 14.4 
8:00 AM 2950 
0 A > 24,196 20.7 14.8 
0 B > 24,196 20.7 14.3 
0 C > 24,196 20.6 14.4 
70 A > 24,196 21.6 14.5 
70 B > 24,196 21.6 14.7 
70 C > 24,196 21.6 14.9 
140 A > 24,196 19.5 15.3 
140 B 24,196 19.6 15.6 
140 C > 24,196 19.6 15.7 
10:00 AM 4575 
0 A < 10 20.8 19.4 
0 B < 10 20.8 19.6 
0 C 10 20.8 19.0 
70 A 20 21.9 20.0 
70 B < 10 21.8 20.4 
70 C 20 21.8 21.0 
140 A 20 19.8 21.5 
140 B 97 19.8 21.8 
140 C 359 19.8 21.8 
12:00 PM 5085 
0 A < 10 21.3 22.9 
0 B < 10 21.2 23.3 
0 C < 10 21.2 23.3 
70 A < 10 22.3 24.4 
70 B < 10 22.3 24.8 
70 C < 10 22.3 25.0 
140 A 10 20.2 25.9 
140 B 86 20.3 26.2 
140 C 134 20.2 26.3 
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Reactivation of Enterococci after Solar Inactivation 
Date Time Container 
Enterococci 
(MPN/ 100 mL) 
10/28/2010 7:00 AM 
A > 24,196 
B > 24,196 
C > 24,196 
10/28/2010 6:00 PM 
A 20 
B < 10 
C 20 
10/29/2010 7:00 AM 
A < 10 
B 10 
C < 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
105 
Appendix C: Statistical Analyses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
106 
Comparison of Enterococci Concentrations from 2005 to 2010 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.lnENT, T.Year 
 FROM SASUSER.DATA12 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS Year; 
 MODEL lnENT = Year ; 
RUN; QUIT; 
PROC SUMMARY  
 DATA=WORK.TMP0TempTableInput NOPRINT ;  
  CLASS Year ;  VAR lnENT ;  
 OUTPUT OUT=WORK.TMP1TempTableTemporaryOutput  
  mean = _mean 
  std = _std 
  stderr = _stderr 
  var = _var ; 
RUN; 
 
DATA WORK.TMP1TempTableTemporaryOutput; 
 SET WORK.TMP1TempTableTemporaryOutput; DROP _FREQ_; 
 LABEL _mean = "Mean of lnENT"; 
 LABEL _std = "Std. Dev. of lnENT"; 
 LABEL _stderr = "Std. Error of lnENT"; 
 LABEL _var = "Variance of lnENT"; 
RUN; 
TITLE3 "Means and Descriptive Statistics"; 
PROC PRINT DATA=WORK.TMP1TempTableTemporaryOutput(DROP=_type_) NOOBS LABEL;  
 ID Year;  
 VAR _mean _std _stderr _var;  
RUN; QUIT; 
 
TITLE;  
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RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
 
SAS Enterprise Guide Output 
 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
Year 6 2005 2006 2007 2008 2009 2010 
 
Number of Observations Read 992 
Number of Observations Used 992 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 05:37:11 PM  
 
 
Dependent Variable: lnENT (ln Enterococci)   
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 311.101198 62.220240 30.07 <.0001 
Error 986 2039.970930 2.068936     
Corrected Total 991 2351.072128       
 
R-Square Coeff Var Root MSE lnENT Mean 
0.132323 34.88179 1.438380 4.123583 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 311.1011976 62.2202395 30.07 <.0001 
 
 
 
 
One-Way Analysis of Variance  
Results  
Means and Descriptive Statistics  
 
Year Mean of lnENT Std. Dev. of lnENT Std. Error of lnENT 
Variance of 
lnENT 
. 4.124 1.540 0.049 2.37242 
2005 3.431 1.182 0.094 1.39749 
2006 3.666 1.569 0.160 2.46066 
2007 3.779 1.291 0.089 1.66731 
2008 4.389 1.381 0.107 1.90663 
2009 4.145 1.456 0.109 2.12102 
2010 5.118 1.739 0.130 3.02241 
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Comparison of Fecal Coliform Concentrations from 2005 to 2010 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.lnFC, T.Year 
 FROM SASUSER.DATA12 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS Year; 
 MODEL lnFC = Year ; 
RUN; QUIT; 
PROC SUMMARY  
 DATA=WORK.TMP0TempTableInput NOPRINT ;  
  CLASS Year ;  VAR lnFC ;  
 OUTPUT OUT=WORK.TMP1TempTableTemporaryOutput  
  mean = _mean 
  std = _std 
  stderr = _stderr 
  var = _var; 
RUN; 
 
DATA WORK.TMP1TempTableTemporaryOutput; 
 SET WORK.TMP1TempTableTemporaryOutput; DROP _FREQ_; 
 LABEL _mean = "Mean of lnFC"; 
 LABEL _std = "Std. Dev. of lnFC"; 
 LABEL _stderr = "Std. Error of lnFC"; 
 LABEL _var = "Variance of lnFC"; 
RUN; 
TITLE3 "Means and Descriptive Statistics"; 
PROC PRINT DATA=WORK.TMP1TempTableTemporaryOutput(DROP=_type_) NOOBS LABEL;  
 ID Year;  
 VAR _mean _std _stderr _var;  
RUN; QUIT; 
 
TITLE;  
 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
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  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
 
SAS Enterprise Guide Output 
 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
Year 6 2005 2006 2007 2008 2009 2010 
 
Number of Observations Read 992 
Number of Observations Used 992 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 05:40:51 PM  
 
 
Dependent Variable: lnFC  (ln Fecal Coliform)  
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 40.072312 8.014462 4.55 0.0004 
Error 986 1736.337485 1.760991     
Corrected Total 991 1776.409796       
 
R-Square Coeff Var Root MSE lnFC Mean 
0.022558 72.17554 1.327023 1.838606 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 40.07231170 8.01446234 4.55 0.0004 
 
 
 
 
 
One-Way Analysis of Variance  
Results  
Means and Descriptive Statistics  
 
Year Mean of lnFC Std. Dev. of lnFC Std. Error of lnFC 
Variance of 
lnFC 
. 1.839 1.339 0.043 1.79254 
2005 1.980 1.270 0.101 1.61208 
2006 1.447 1.555 0.159 2.41831 
2007 1.653 1.055 0.073 1.11250 
2008 2.114 1.301 0.101 1.69346 
2009 1.786 1.312 0.098 1.72188 
2010 1.938 1.551 0.116 2.40573 
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Comparison of Environmental Variables from 2005 to 2010 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.MTL, T.WDDegree, T.WindDirection, T.WindSpeed, 
T.Salinity, T.WaterTemp, T.WSNumeric, T.Year 
 FROM SASUSER.DATA12 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS Year; 
 MODEL MTL WDDegree WindDirection WindSpeed Salinity WaterTemp WSNumeric 
= Year ; 
RUN; QUIT; 
PROC SUMMARY  
 DATA=WORK.TMP0TempTableInput NOPRINT ;  
  CLASS Year ;  VAR MTL WDDegree WindDirection WindSpeed Salinity WaterTemp 
WSNumeric ;  
 OUTPUT OUT=WORK.TMP1TempTableTemporaryOutput  
  mean = _mean1-_mean7 
  std = _std1-_std7 
  stderr = _stderr1-_stderr7  
  var = _var1-_var7 ; 
RUN; 
 
DATA WORK.TMP1TempTableTemporaryOutput; 
 SET WORK.TMP1TempTableTemporaryOutput; DROP _FREQ_; 
 LABEL _mean1 = "Mean of MTL"; 
 LABEL _mean2 = "Mean of WDDegree"; 
 LABEL _mean3 = "Mean of WindDirection"; 
 LABEL _mean4 = "Mean of WindSpeed"; 
 LABEL _mean5 = "Mean of Salinity"; 
 LABEL _mean6 = "Mean of WaterTemp"; 
 LABEL _mean7 = "Mean of WSNumeric"; 
 LABEL _std1 = "Std. Dev. of MTL"; 
 LABEL _std2 = "Std. Dev. of WDDegree"; 
 LABEL _std3 = "Std. Dev. of WindDirection"; 
 LABEL _std4 = "Std. Dev. of WindSpeed"; 
 LABEL _std5 = "Std. Dev. of Salinity"; 
 LABEL _std6 = "Std. Dev. of WaterTemp"; 
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 LABEL _std7 = "Std. Dev. of WSNumeric"; 
 LABEL _stderr1 = "Std. Error of MTL"; 
 LABEL _stderr2 = "Std. Error of WDDegree"; 
 LABEL _stderr3 = "Std. Error of WindDirection"; 
 LABEL _stderr4 = "Std. Error of WindSpeed"; 
 LABEL _stderr5 = "Std. Error of Salinity"; 
 LABEL _stderr6 = "Std. Error of WaterTemp"; 
 LABEL _stderr7 = "Std. Error of WSNumeric"; 
 LABEL _var1 = "Variance of MTL"; 
 LABEL _var2 = "Variance of WDDegree"; 
 LABEL _var3 = "Variance of WindDirection"; 
 LABEL _var4 = "Variance of WindSpeed"; 
 LABEL _var5 = "Variance of Salinity"; 
 LABEL _var6 = "Variance of WaterTemp"; 
 LABEL _var7 = "Variance of WSNumeric"; 
RUN; 
TITLE3 "Means and Descriptive Statistics"; 
PROC PRINT DATA=WORK.TMP1TempTableTemporaryOutput(DROP=_type_) NOOBS LABEL;  
 ID Year;  
 VAR  _mean1 
  _mean2 
  _mean3 
  _mean4 
  _mean5 
  _mean6 
  _mean7 
  _std1 
  _std2 
  _std3 
  _std4 
  _std5 
  _std6 
  _std7 
  _stderr1 
  _stderr2 
  _stderr3 
  _stderr4 
  _stderr5 
  _stderr6 
  _stderr7 
  _var1 
  _var2 
  _var3 
  _var4 
  _var5 
  _var6 
  _var7;  
RUN; QUIT; 
 
TITLE;  
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
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SAS Enterprise Guide Output 
 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
Year 6 2005 2006 2007 2008 2009 2010 
 
Number of Observations Read 992 
Number of Observations Used 992 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 04:58:24 PM  
 
 
Dependent Variable: MTL  (Mean Tide Level)  
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 31.9358435 6.3871687 15.21 <.0001 
Error 986 413.9831952 0.4198613     
Corrected Total 991 445.9190387       
 
R-Square Coeff Var Root MSE MTL Mean 
0.071618 121.2067 0.647967 0.534597 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 31.93584348 6.38716870 15.21 <.0001 
 
 
 
 
Dependent Variable: WDDegree  (Wind Direction in Degrees)  
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 401191.16 80238.23 6.40 <.0001 
Error 986 12371202.38 12546.86     
Corrected Total 991 12772393.55       
 
R-Square Coeff Var Root MSE WDDegree Mean 
0.031411 60.52106 112.0128 185.0806 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 401191.1646 80238.2329 6.40 <.0001 
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Dependent Variable: WindDirection   (Categorical Wind Direction) 
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 542.06662 108.41332 7.09 <.0001 
Error 986 15080.90112 15.29503     
Corrected Total 991 15622.96774       
 
R-Square Coeff Var Root MSE WindDirection Mean 
0.034697 51.92183 3.910886 7.532258 
 
 
 DF Anova SS Mean Square F Value Pr > F 
Year 5 542.0666178 108.4133236 7.09 <.0001 
 
 
 
 
Dependent Variable: WindSpeed   (Categorical Wind Speed) 
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 32.7125431 6.5425086 6.70 <.0001 
Error 986 963.1543923 0.9768300     
Corrected Total 991 995.8669355       
 
R-Square Coeff Var Root MSE WindSpeed Mean 
0.032848 50.59032 0.988347 1.953629 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 32.71254314 6.54250863 6.70 <.0001 
 
 
 
 
Dependent Variable: Salinity    
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 4799.07065 959.81413 23.62 <.0001 
Error 986 40070.23881 40.63919     
Corrected Total 991 44869.30946       
 
R-Square Coeff Var Root MSE Salinity Mean 
0.106957 26.56671 6.374887 23.99577 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 4799.070650 959.814130 23.62 <.0001 
 
 
 
 
Dependent Variable: WaterTemp    
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 1242.68242 248.53648 5.25 <.0001 
Error 986 46642.42217 47.30469     
Corrected Total 991 47885.10459       
 
R-Square Coeff Var Root MSE WaterTemp Mean 
0.025951 8.668904 6.877840 79.33921 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 1242.682420 248.536484 5.25 <.0001 
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Dependent Variable: WSNumeric   (Numeric Wind Speed) 
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 5 760.13509 152.02702 6.07 <.0001 
Error 986 24685.73185 25.03624     
Corrected Total 991 25445.86694       
 
R-Square Coeff Var Root MSE WSNumeric Mean 
0.029873 68.27502 5.003623 7.328629 
 
Source DF Anova SS Mean Square F Value Pr > F 
Year 5 760.1350890 152.0270178 6.07 <.0001 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 04:58:24 PM  
 
 
 
 
One-Way Analysis of Variance  
Results  
Means and Descriptive Statistics  
 
Year 
Mean of 
MTL 
Mean of 
WDDegree 
Mean of 
WindDirection 
Mean of 
WindSpeed 
Mean of 
Salinity 
Mean of 
WaterTemp 
Mean of 
WSNumeric 
. 0.53 185.081 7.532 1.954 24.000 79.339 7.329 
2005 0.54 183.679 7.805 1.811 24.000 78.440 6.557 
2006 0.06 205.313 6.875 1.948 24.900 80.083 7.240 
2007 0.73 208.258 6.664 1.796 22.600 80.818 6.623 
2008 0.46 147.334 7.705 2.331 21.300 79.693 9.157 
2009 0.54 189.750 8.833 1.972 28.100 77.550 7.361 
2010 0.61 178.500 7.200 1.900 23.500 79.467 7.167 
 
 
 
Year 
Std. Dev. 
of MTL 
Std. Dev. 
of 
WDDegree 
Std. Dev. of 
WindDirection 
Std. Dev. 
of 
WindSpeed 
Std. 
Dev. of 
Salinity 
Std. Dev. 
of 
WaterTemp 
Std. Dev. of 
WSNumeric 
. 0.670 113.527 3.970 1.002 6.700 6.951 5.067 
2005 0.700 116.112 4.113 1.032 6.700 8.287 5.161 
2006 0.460 120.715 3.216 0.759 4.300 4.812 3.795 
2007 0.450 120.670 3.205 1.024 4.900 6.071 4.898 
2008 0.810 105.084 4.883 1.098 8.000 7.209 5.488 
2009 0.770 100.682 3.744 0.751 6.400 7.222 3.753 
2010 0.590 109.908 3.973 1.109 6.700 6.660 6.063 
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Year 
Std. 
Error of 
MTL 
Std. Error 
of 
WDDegree 
Std. Error of 
WindDirection 
Std. Error 
of 
WindSpeed 
Std. 
Error of 
Salinity 
Std. Error 
of 
WaterTemp 
Std. Error 
of 
WSNumeric 
. 0.020 3.604 0.126 0.032 0.200 0.221 0.161 
2005 0.060 9.208 0.326 0.082 0.500 0.657 0.409 
2006 0.050 12.320 0.328 0.077 0.400 0.491 0.387 
2007 0.030 8.307 0.221 0.071 0.300 0.418 0.337 
2008 0.060 8.156 0.379 0.085 0.600 0.560 0.426 
2009 0.060 7.504 0.279 0.056 0.500 0.538 0.280 
2010 0.040 8.192 0.296 0.083 0.500 0.496 0.452 
 
 
Year 
Variance 
of 
Variance 
of 
WDDegree 
Variance of Variance of 
Variance 
of 
Variance of Variance of 
MTL WindDirection WindSpeed Salinity WaterTemp WSNumeric 
. 0.450 12888.390 15.765 1.005 45.277 48.320 25.677 
2005 0.492 13482.110 16.917 1.065 44.625 68.678 26.636 
2006 0.209 14572.010 10.342 0.576 18.916 23.151 14.405 
2007 0.201 14561.150 10.272 1.049 24.261 36.854 23.990 
2008 0.652 11042.740 23.846 1.205 64.201 51.972 30.118 
2009 0.588 10136.880 14.017 0.563 41.423 52.160 14.087 
2010 0.343 12079.860 15.781 1.230 45.362 44.362 36.760 
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2010 Morning and Afternoon Bacteria Concentration Comparison - Holly 2 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.M1A2_0001, T.lnFC_0001, T.lnENT_0001 
 FROM SASUSER.DATA13 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS M1A2_0001; 
 VAR lnFC_0001 lnENT_0001; 
RUN; 
 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
 
SAS Enterprise Guide Output 
 
t Test  
The TTEST Procedure 
 
 
Variable:  lnFC_0001  (ln Fecal Coliforms) 
 
M1A2_0001 N Mean Std Dev Std Err Minimum Maximum 
1 26 1.6594 1.2839 0.2518 0.6931 5.1358 
2 26 1.1692 0.9337 0.1831 0.6419 4.1589 
Diff (1-2)   0.4902 1.1225 0.3113     
 
M1A2_0001 Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   1.6594 1.1408 2.1779 1.2839 1.0069 1.7723 
2   1.1692 0.7921 1.5463 0.9337 0.7323 1.2889 
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Diff (1-2) Pooled 0.4902 -0.1351 1.1155 1.1225 0.9392 1.3954 
Diff (1-2) Satterthwaite 0.4902 -0.1366 1.1170       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 50 1.57 0.1217 
Satterthwaite Unequal 45.664 1.57 0.1223 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 25 25 1.89 0.1179 
 
 
Variable:  lnENT_0001  (ln Enterococci) 
 
 
M1A2_0001 N Mean Std Dev Std Err Minimum Maximum 
1 26 5.0009 1.7715 0.3474 1.6094 7.6034 
2 26 2.6500 0.9679 0.1898 1.6094 5.3375 
Diff (1-2)   2.3509 1.4274 0.3959     
 
M1A2_0001 Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   5.0009 4.2854 5.7164 1.7715 1.3893 2.4454 
2   2.6500 2.2591 3.0409 0.9679 0.7591 1.3361 
Diff (1-2) Pooled 2.3509 1.5557 3.1460 1.4274 1.1943 1.7744 
Diff (1-2) Satterthwaite 2.3509 1.5499 3.1518       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 50 5.94 <.0001 
Satterthwaite Unequal 38.704 5.94 <.0001 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 25 25 3.35 0.0036 
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118 
2010 Morning and Afternoon Bacteria Concentration Comparison - Holly 4 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.M1A2_0002, T.lnFC_0002, T.lnENT_0002 
 FROM SASUSER.DATA13 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS M1A2_0002; 
 VAR lnFC_0002 lnENT_0002; 
RUN; 
 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
 
SAS Enterprise Guide Output 
 
t Test  
The TTEST Procedure 
 
Variable:  lnFC_0002  (ln Fecal Coliforms) 
 
M1A2_0002 N Mean Std Dev Std Err Minimum Maximum 
1 26 1.7480 1.5410 0.3022 0.5878 4.8675 
2 26 1.2970 1.0441 0.2048 0.6419 4.4773 
Diff (1-2)   0.4510 1.3162 0.3651     
 
M1A2_0002 Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   1.7480 1.1255 2.3704 1.5410 1.2086 2.1273 
2   1.2970 0.8753 1.7187 1.0441 0.8189 1.4413 
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Diff (1-2) Pooled 0.4510 -0.2823 1.1842 1.3162 1.1013 1.6362 
Diff (1-2) Satterthwaite 0.4510 -0.2848 1.1867       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 50 1.24 0.2225 
Satterthwaite Unequal 43.958 1.24 0.2233 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 25 25 2.18 0.0569 
 
 
 
Variable:  lnENT_0002  (ln Enterococci) 
 
 
M1A2_0002 N Mean Std Dev Std Err Minimum Maximum 
1 26 5.2900 1.5950 0.3128 2.3026 7.6034 
2 26 2.3942 0.8825 0.1731 1.6094 4.1510 
Diff (1-2)   2.8958 1.2890 0.3575     
 
M1A2_0002 Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   5.2900 4.6457 5.9342 1.5950 1.2509 2.2018 
2   2.3942 2.0378 2.7507 0.8825 0.6921 1.2182 
Diff (1-2) Pooled 2.8958 2.1777 3.6138 1.2890 1.0785 1.6023 
Diff (1-2) Satterthwaite 2.8958 2.1727 3.6189       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 50 8.10 <.0001 
Satterthwaite Unequal 38.995 8.10 <.0001 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 25 25 3.27 0.0044 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 05:34:00 PM  
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2010 Morning and Afternoon Bacteria Concentration Comparison – 
Holly 2 and Holly 4 Combined 
 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.lnFC, T.lnENT, T.M1A2 
 FROM SASUSER.DATA13 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS M1A2; 
 MODEL lnFC lnENT = M1A2 ; 
RUN; QUIT; 
PROC SUMMARY  
 DATA=WORK.TMP0TempTableInput NOPRINT ;  
  CLASS M1A2 ;  VAR lnFC lnENT ;  
 OUTPUT OUT=WORK.TMP1TempTableTemporaryOutput  
  mean = _mean1-_mean2 
  std = _std1-_std2 
  stderr = _stderr1-_stderr2 ; 
RUN; 
 
DATA WORK.TMP1TempTableTemporaryOutput; 
 SET WORK.TMP1TempTableTemporaryOutput; DROP _FREQ_; 
 LABEL _mean1 = "Mean of lnFC"; 
 LABEL _mean2 = "Mean of lnENT"; 
 LABEL _std1 = "Std. Dev. of lnFC"; 
 LABEL _std2 = "Std. Dev. of lnENT"; 
 LABEL _stderr1 = "Std. Error of lnFC"; 
 LABEL _stderr2 = "Std. Error of lnENT"; 
RUN; 
TITLE3 "Means and Descriptive Statistics"; 
PROC PRINT DATA=WORK.TMP1TempTableTemporaryOutput(DROP=_type_) NOOBS LABEL;  
 ID M1A2;  
 VAR  _mean1 
  _mean2 
  _std1 
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  _std2 
  _stderr1 
  _stderr2;  
RUN; QUIT; 
TITLE;  
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
M1A2 2 1 2 
 
Number of Observations Read 104 
Number of Observations Used 104 
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Dependent Variable: lnFC (ln Fecal Coliform Concentration)    
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 1 5.7574227 5.7574227 3.92 0.0505 
Error 102 149.9423123 1.4700227     
Corrected Total 103 155.6997350       
 
R-Square Coeff Var Root MSE lnFC Mean 
0.036978 82.56984 1.212445 1.468387 
 
Source DF Anova SS Mean Square F Value Pr > F 
M1A2 1 5.75742271 5.75742271 3.92 0.0505 
 
 
 
 
Dependent Variable: lnENT (ln Enterococci Concentration)    
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 1 178.9270425 178.9270425 97.66 <.0001 
Error 102 186.8836970 1.8321931     
Corrected Total 103 365.8107395       
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R-Square Coeff Var Root MSE lnENT Mean 
0.489125 35.30693 1.353585 3.833767 
 
Source DF Anova SS Mean Square F Value Pr > F 
M1A2 1 178.9270425 178.9270425 97.66 <.0001 
 
 
 
 
 
One-Way Analysis of Variance  
Results  
Means and Descriptive Statistics  
 
 
M1A2 
Mean of 
lnFC 
Mean of 
lnENT 
Std. 
Dev. of 
lnFC 
Std. 
Dev. of 
lnENT 
Std. 
Error of 
lnFC 
Std. 
Error of 
lnENT 
. 1.468387 3.833767 1.229491 1.884558 0.120562 0.184796 
1 1.703674 5.145427 1.405037 1.675328 0.194844 0.232326 
2 1.233101 2.522107 0.98281 0.9261 0.136291 0.128427 
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Preliminary Experiments to Determine the Effect of Salinity, Turbidity, and Solar 
Radiation on Enterococci - Enterococci Concentration in Light Exposed Trays Compared 
to Trays Placed in the Dark 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."L vs D"n, T.logMPN 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA17 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "L vs D"n; 
 VAR logMPN; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
 
t Test  
The TTEST Procedure 
 
 
Variable:  logMPN (ln Enterococci Concentration) 
 
L vs D N Mean Std Dev Std Err Minimum Maximum 
1 12 3.8461 3.7766 1.0902 1.6094 10.0939 
2 4 10.0939 0 0 10.0939 10.0939 
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Diff (1-2)   -6.2479 3.3476 1.9327     
 
L vs D Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   3.8461 1.4465 6.2456 3.7766 2.6753 6.4122 
2   10.0939 10.0939 10.0939 0 . . 
Diff (1-2) Pooled -6.2479 -10.3932 -2.1025 3.3476 2.4509 5.2795 
Diff (1-2) Satterthwaite -6.2479 -8.6474 -3.8483       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 14 -3.23 0.0060 
Satterthwaite Unequal 11 -5.73 0.0001 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 11 3 Infty <.0001 
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Effects of Solar Radiation on Enterococci in Field-like Conditions  
– Enterococci Concentration in Light Exposed Trays Compared to Trays Placed in the 
Dark 
 – 11:00 AM 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."11am"n, T.logMPN_0001 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA18 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "11am"n; 
 VAR logMPN_0001; 
RUN; 
 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  logMPN_0001  (ln Enterococci Concentration at 11 AM) 
 
11am N Mean Std Dev Std Err Minimum Maximum 
1 3 10.0939 0 0 10.0939 10.0939 
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2 3 1.8405 0.4002 0.2310 1.6094 2.3026 
Diff (1-2)   8.2535 0.2830 0.2310     
 
11am Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   10.0939 10.0939 10.0939 0 . . 
2   1.8405 0.8464 2.8346 0.4002 0.2084 2.5151 
Diff (1-2) Pooled 8.2535 7.6120 8.8950 0.2830 0.1695 0.8131 
Diff (1-2) Satterthwaite 8.2535 7.2593 9.2476       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 35.72 <.0001 
Satterthwaite Unequal 2 35.72 0.0008 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 Infty <.0001 
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Effects of Solar Radiation on Enterococci in Field-like Conditions  
– Enterococci Concentration in Light Exposed Trays Compared to Trays Placed in the 
Dark  
– 3:00 PM 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."3pm"n, T.logMPN_0002 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA18 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "3pm"n; 
 VAR logMPN_0002; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  logMPN_0002 (ln Enterococci Concentration at 3 PM) 
 
3pm N Mean Std Dev Std Err Minimum Maximum 
1 3 9.7390 0.3200 0.1848 9.4725 10.0939 
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2 3 1.6094 0 0 1.6094 1.6094 
Diff (1-2)   8.1296 0.2263 0.1848     
 
 
3pm Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   9.7390 8.9440 10.5340 0.3200 0.1666 2.0113 
2   1.6094 1.6094 1.6094 0 . . 
Diff (1-2) Pooled 8.1296 7.6166 8.6426 0.2263 0.1356 0.6503 
Diff (1-2) Satterthwaite 8.1296 7.3346 8.9246       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 44.00 <.0001 
Satterthwaite Unequal 2 44.00 0.0005 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 Infty <.0001 
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129 
Effects of Solar Radiation on Enterococci in Field-like Conditions  
– Enterococci Concentration in Light Exposed Trays Compared to Trays Placed in the 
Dark  
– 7:00 PM 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."7pm"n, T.logMPN_0003 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA18 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "7pm"n; 
 VAR logMPN_0003; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  logMPN_0003  (ln Enterococci Concentration at 7 PM) 
 
7pm N Mean Std Dev Std Err Minimum Maximum 
1 3 9.6796 0.3588 0.2072 9.4725 10.0939 
2 3 1.6094 0 0 1.6094 1.6094 
Diff (1-2)   8.0702 0.2537 0.2072     
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7pm Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   9.6796 8.7883 10.5710 0.3588 0.1868 2.2550 
2   1.6094 1.6094 1.6094 0 . . 
Diff (1-2) Pooled 8.0702 7.4950 8.6454 0.2537 0.1520 0.7291 
Diff (1-2) Satterthwaite 8.0702 7.1789 8.9615       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 38.96 <.0001 
Satterthwaite Unequal 2 38.96 0.0007 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 Infty <.0001 
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131 
Effects of Solar Radiation on Enterococci in Field-like Conditions  
– Enterococci Concentration in Light Exposed Trays During the First Four Hours of 
Sunlight Exposure (7:00 AM – 11:00 AM) 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."4hrs in Light"n, T.logMPN_0004 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA18 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "4hrs in Light"n; 
 VAR logMPN_0004; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  logMPN_0004  (ln Enterococci Concentration) 
 
4hrs in Light N Mean Std Dev Std Err Minimum Maximum 
1 3 10.0939 0 0 10.0939 10.0939 
2 3 1.8405 0.4002 0.2310 1.6094 2.3026 
Diff (1-2)   8.2535 0.2830 0.2310     
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4hrs in Light Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   10.0939 10.0939 10.0939 0 . . 
2   1.8405 0.8464 2.8346 0.4002 0.2084 2.5151 
Diff (1-2) Pooled 8.2535 7.6120 8.8950 0.2830 0.1695 0.8131 
Diff (1-2) Satterthwaite 8.2535 7.2593 9.2476       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 35.72 <.0001 
Satterthwaite Unequal 2 35.72 0.0008 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 Infty <.0001 
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133 
Effects of Solar Radiation on Enterococci in Field-like Conditions  
– Initial Compared to Final Enterococci Concentrations in Trays Held in the Dark  
(7:00 AM – 7:00 PM) 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."I vs F Dark"n, T.logMPN_0005 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA18 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "I vs F Dark"n; 
 VAR logMPN_0005; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  logMPN_0005  (ln Enterococci Concentration at 7 AM and 7 PM) 
 
I vs F Dark N Mean Std Dev Std Err Minimum Maximum 
1 3 10.0939 0 0 10.0939 10.0939 
2 3 9.6796 0.3588 0.2072 9.4725 10.0939 
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Diff (1-2)   0.4143 0.2537 0.2072     
 
I vs F Dark Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   10.0939 10.0939 10.0939 0 . . 
2   9.6796 8.7883 10.5710 0.3588 0.1868 2.2550 
Diff (1-2) Pooled 0.4143 -0.1608 0.9895 0.2537 0.1520 0.7291 
Diff (1-2) Satterthwaite 0.4143 -0.4770 1.3056       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 2.00 0.1161 
Satterthwaite Unequal 2 2.00 0.1835 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 Infty <.0001 
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135 
Effect of Solar Radiation on Turbid Waters  
– Comparison of Enterococci Concentrations across Three Different Turbidity Levels at 
10:00 AM 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.lnMPN_0002, T."10am"n 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA21 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS "10am"n; 
 MODEL lnMPN_0002 = "10am"n ; 
RUN; QUIT; 
PROC SUMMARY  
 DATA=WORK.TMP0TempTableInput NOPRINT ;  
  CLASS "10am"n ;  VAR lnMPN_0002 ;  
 OUTPUT OUT=WORK.TMP1TempTableTemporaryOutput  
  mean = _mean 
  std = _std 
  stderr = _stderr 
  var = _var 
  
 ; 
RUN; 
 
DATA WORK.TMP1TempTableTemporaryOutput; 
 SET WORK.TMP1TempTableTemporaryOutput; DROP _FREQ_; 
 LABEL _mean = "Mean of lnMPN_0002"; 
 LABEL _std = "Std. Dev. of lnMPN_0002"; 
 LABEL _stderr = "Std. Error of lnMPN_0002"; 
 LABEL _var = "Variance of lnMPN_0002"; 
RUN; 
TITLE3 "Means and Descriptive Statistics"; 
PROC PRINT DATA=WORK.TMP1TempTableTemporaryOutput(DROP=_type_) NOOBS LABEL;  
 ID "10am"n;  
 VAR _mean _std _stderr _var;  
RUN; QUIT; 
 
TITLE;  
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RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
10am 3 0 70 140 
 
Number of Observations Read 9 
Number of Observations Used 9 
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Dependent Variable: lnMPN_0002   (ln Enterococci Concentrations at 10 AM) 
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 2 11.27794919 5.63897460 5.85 0.0389 
Error 6 5.78278146 0.96379691     
Corrected Total 8 17.06073066       
 
R-Square Coeff Var Root MSE lnMPN_0002 Mean 
0.661047 33.24632 0.981732 2.952903 
 
Source DF Anova SS Mean Square F Value Pr > F 
10am 2 11.27794919 5.63897460 5.85 0.0389 
 
 
 
 
One-Way Analysis of Variance  
Results  
Means and Descriptive Statistics  
 
10am Mean of lnMPN_0002 Std. Dev. of lnMPN_0002 Std. Error of lnMPN_0002 
Variance of 
lnMPN_0002 
. 2.9529032242 1.4603394578 0.4867798193 2.13259 
0 1.8404869726 0.4001887113 0.2310490602 0.16015 
70 2.5336341532 0.8003774226 0.4620981204 0.64060 
140 4.4845885468 1.4459030768 0.8347925306 2.09064 
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137 
Effect of Solar Radiation on Turbid Waters  
– Comparison of Enterococci Concentrations Across Three Different Turbidity Levels at 
12:00 PM 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.lnMPN_0003, T."12pm"n 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA22 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS "12pm"n; 
 MODEL lnMPN_0003 = "12pm"n ; 
RUN; QUIT; 
PROC SUMMARY  
 DATA=WORK.TMP0TempTableInput NOPRINT ;  
  CLASS "12pm"n ;  VAR lnMPN_0003 ;  
 OUTPUT OUT=WORK.TMP1TempTableTemporaryOutput  
  mean = _mean 
  std = _std 
  stderr = _stderr 
  var = _var ; 
RUN; 
 
DATA WORK.TMP1TempTableTemporaryOutput; 
 SET WORK.TMP1TempTableTemporaryOutput; DROP _FREQ_; 
 LABEL _mean = "Mean of lnMPN_0003"; 
 LABEL _std = "Std. Dev. of lnMPN_0003"; 
 LABEL _stderr = "Std. Error of lnMPN_0003"; 
 LABEL _var = "Variance of lnMPN_0003"; 
RUN; 
TITLE3 "Means and Descriptive Statistics"; 
PROC PRINT DATA=WORK.TMP1TempTableTemporaryOutput(DROP=_type_) NOOBS LABEL;  
 ID "12pm"n;  
 VAR _mean _std _stderr _var;  
RUN; QUIT; 
 
TITLE;  
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RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
12pm 3 0 70 140 
 
Number of Observations Read 9 
Number of Observations Used 9 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 06:41:48 PM  
 
 
Dependent Variable: lnMPN_0003   (ln Enterococci Concentration at 12 PM) 
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 2 10.35567444 5.17783722 8.06 0.0200 
Error 6 3.85403772 0.64233962     
Corrected Total 8 14.20971217       
 
R-Square Coeff Var Root MSE lnMPN_0003 Mean 
0.728774 33.84643 0.801461 2.367933 
 
Source DF Anova SS Mean Square F Value Pr > F 
12pm 2 10.35567444 5.17783722 8.06 0.0200 
 
 
 
 
One-Way Analysis of Variance  
Results  
Means and Descriptive Statistics  
 
12pm Mean of lnMPN_0003 Std. Dev. of lnMPN_0003 Std. Error of lnMPN_0003 
Variance of 
lnMPN_0003 
. 2.367933296 1.3327467955 0.4442489318 1.77621 
0 1.6094379124 0 0 0.00000 
70 1.6094379124 0 0 0.00000 
140 3.8849240631 1.3881710494 0.801460929 1.92702 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 06:41:48 PM  
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Reactivation of Enterococci after Solar Inactivation  
– Comparison of Enterococci Concentrations Before and After Inactivation (Day 1) 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.A, T.lnMPN 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA19 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS A; 
 VAR lnMPN; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  lnMPN (ln Enterococci Concentration) 
 
A N Mean Std Dev Std Err Minimum Maximum 
1 3 10.0939 0 0 10.0939 10.0939 
2 3 2.5336 0.8004 0.4621 1.6094 2.9957 
Diff (1-2)   7.5603 0.5660 0.4621     
 
 
140 
A Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   10.0939 10.0939 10.0939 0 . . 
2   2.5336 0.5454 4.5219 0.8004 0.4167 5.0302 
Diff (1-2) Pooled 7.5603 6.2773 8.8433 0.5660 0.3391 1.6263 
Diff (1-2) Satterthwaite 7.5603 5.5721 9.5486       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 16.36 <.0001 
Satterthwaite Unequal 2 16.36 0.0037 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 Infty <.0001 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 06:49:13 PM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
141 
Reactivation of Enterococci after Solar Inactivation  
– Comparison of Enterococci Concentrations Before and After Incubation (Day 2) 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.B, T.lnMPN_0001 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA19 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS B; 
 VAR lnMPN_0001; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
t Test  
The TTEST Procedure 
 
 
 
Variable:  lnMPN_0001  (ln Enterococci Concentrations) 
 
B N Mean Std Dev Std Err Minimum Maximum 
1 3 2.5336 0.8004 0.4621 1.6094 2.9957 
2 3 1.8405 0.4002 0.2310 1.6094 2.3026 
Diff (1-2)   0.6931 0.6328 0.5166     
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B Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   2.5336 0.5454 4.5219 0.8004 0.4167 5.0302 
2   1.8405 0.8464 2.8346 0.4002 0.2084 2.5151 
Diff (1-2) Pooled 0.6931 -0.7413 2.1276 0.6328 0.3791 1.8183 
Diff (1-2) Satterthwaite 0.6931 -0.9698 2.3561       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 4 1.34 0.2508 
Satterthwaite Unequal 2.9412 1.34 0.2739 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 2 2 4.00 0.4000 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 06:48:28 PM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
143 
Sand Experiments – Comparison of Enterococci Concentrations Before and After 
Inactivation  
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
 
TITLE; 
TITLE1 "t Test"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."B/D"n, T.lnMPN 
 FROM SASUSER.STATISTICAL_ANALYSIS_OF_DATA15 as T; 
QUIT; 
PROC TTEST  
 DATA = WORK.TMP0TempTableInput 
 PLOTS=NONE  
 ALPHA=0.05 
 H0 =0 
 CI = EQUAL; 
 
 CLASS "B/D"n; 
 VAR lnMPN; 
RUN; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
 
t Test  
The TTEST Procedure 
 
 
 
Variable:  lnMPN (ln Enterococci Concentration) 
B/D N Mean Std Dev Std Err Minimum Maximum 
1 4 3.4491 0.8364 0.4182 2.5115 4.5139 
2 4 4.0497 0.8233 0.4117 3.1917 4.7598 
Diff (1-2)   -0.6006 0.8299 0.5868     
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B/D Method Mean 95% CL Mean Std Dev 95% CL Std Dev 
1   3.4491 2.1182 4.7801 0.8364 0.4738 3.1187 
2   4.0497 2.7396 5.3599 0.8233 0.4664 3.0698 
Diff (1-2) Pooled -0.6006 -2.0366 0.8353 0.8299 0.5348 1.8275 
Diff (1-2) Satterthwaite -0.6006 -2.0366 0.8354       
 
Method Variances DF t Value Pr > |t| 
Pooled Equal 6 -1.02 0.3456 
Satterthwaite Unequal 5.9985 -1.02 0.3456 
 
Equality of Variances 
Method Num DF Den DF F Value Pr > F 
Folded F 3 3 1.03 0.9799 
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Temperature Experiment – Comparison of Enterococci Concentrations When Incubated at 
Three Different Temperatures 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T."10.09394"n, T."1"n 
 FROM SASUSER.SANDS___EXPERIMENTS1 as T; 
QUIT; 
 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS "1"n; 
 MODEL "lnENT"n = "1"n ; 
RUN; QUIT; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
1 3 1 2 3 
 
Number of Observations Read 6 
Number of Observations Used 6 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 07:17:15 PM  
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Dependent Variable: ln Enterococci Concentration    
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 2 74.30874338 37.15437169 880.09 <.0001 
Error 3 0.12664910 0.04221637     
Corrected Total 5 74.43539249       
 
R-Square Coeff Var Root MSE lnENT Mean 
0.998299 3.265739 0.205466 6.291569 
 
Source DF Anova SS Mean Square F Value Pr > F 
1 2 74.30874338 37.15437169 880.09 <.0001 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 01, 2011 at 07:17:15 PM  
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Exponential Decay Model Expected Values Compared to Predicted Values 
SAS Enterprise Guide Code 
ODS GRAPHICS ON; 
 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
PROC SQL; 
 CREATE VIEW WORK.TMP0TempTableInput AS 
  SELECT T.lnMPN, T."Exp/Obs"n 
 FROM SASUSER.EXPONENTIAL_DECAY9 as T; 
QUIT; 
TITLE; 
TITLE1 "One-Way Analysis of Variance"; 
TITLE2 "Results"; 
FOOTNOTE; 
FOOTNOTE1 "Generated by the SAS System (&_SASSERVERNAME, &SYSSCPL) on 
%TRIM(%QSYSFUNC(DATE(), NLDATE20.)) at %TRIM(%SYSFUNC(TIME(), NLTIMAP20.))"; 
 
ODS EXCLUDE BoxPlot; 
PROC ANOVA DATA=WORK.TMP0TempTableInput ; 
 CLASS "Exp/Obs"n; 
 MODEL lnMPN = "Exp/Obs"n ; 
RUN; QUIT; 
RUN; QUIT; 
%_eg_conditional_dropds(WORK.TMP0TempTableInput, 
  WORK.TMP1TempTableTemporaryOutput, 
  WORK.TMPPlotDS); 
TITLE; FOOTNOTE; 
ODS GRAPHICS OFF; 
 
SAS Enterprise Guide Output 
One-Way Analysis of Variance  
Results  
The ANOVA Procedure 
 
Class Level Information 
Class Levels Values 
Exp/Obs 2 1 2 
 
Number of Observations Read 104 
Number of Observations Used 104 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 04, 2011 at 10:05:54 AM  
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Dependent Variable: lnMPN    
 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 1 0.10518230 0.10518230 0.13 0.7218 
Error 102 84.14889346 0.82498915     
Corrected Total 103 84.25407576       
 
R-Square Coeff Var Root MSE lnMPN Mean 
0.001248 36.47301 0.908289 2.490305 
 
Source DF Anova SS Mean Square F Value Pr > F 
Exp/Obs 1 0.10518230 0.10518230 0.13 0.7218 
 
 
Generated by the SAS System ('Local', W32_VSHOME) on May 04, 2011 at 10:05:54 AM  
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Factor Analysis Regression Model – Regression Model Based on the Factor Scores 
SAS 9.2 Code 
dm 'output;clear;log;clear'; 
options date pageno=1 ls=110;  
DM "output;clear;log;clear"; 
 OPTIONS nodate pageno=1 ls=100; 
 
 LIBNAME SAS_DATA "H:\Course Work\Grad School\EXST 7037\sas_data"; 
  
 ODS HTML FILE="H:\Research\Thesis\Paper 4\sas_output\index.html"; 
  
 FILENAME GRAFOUT "H:\Research\Thesis\Paper 4\sas_output";  
 GOPTIONS DEVICE=png GSFNAME=grafout GSFMODE=append;  
  
 TITLE1 "Model FA"; 
Data model_data; 
Set sas_data.model_data; 
run; 
proc factor data=model_data method=principal nfactors=8 scree rotate=varimax 
 ev res re score out=fascores heywood priors=smc; 
var year tide mtl weather sun SR SR24 WD WDDegree WS WSNumeric WT SAL RF RF24 
RF48 RFTot WvsD0hr WvsD24hr; 
run; 
data combined; 
merge model_data fascores; 
run; 
proc reg data=combined;  
model lnENT = factor1-factor8 /selection=stepwise sls=.05; 
Title2 'Regression Analyses on Factor Scores Predicting lnENT'; 
run; 
ODS HTML CLOSE; 
 
SAS 9.2 Output 
 
 
Model FA                                             1 
 
The FACTOR Procedure 
 
Input Data Type                    Raw Data 
Number of Records Read                  992 
Number of Records Used                  992 
N for Significance Tests                992 
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Model FA                                             2 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Prior Communality Estimates: ONE 
 
Year           Tide            MTL        Weather            Sun             SR           SR24 
 
1.0000000      1.0000000      1.0000000      1.0000000      1.0000000      1.0000000      
1.0000000 
 
WD       WDDegree             WS      WSNumeric             WT            SAL             RF 
 
1.0000000      1.0000000      1.0000000      1.0000000      1.0000000      1.0000000      
1.0000000 
 
RF24            RF48           RFTot         WvsD0hr        WvsD24hr 
 
1.0000000       1.0000000       1.0000000       1.0000000       1.0000000 
 
 
Eigenvalues of the Reduced Correlation Matrix: Total = 19  Average = 1 
 
Eigenvalue    Difference    Proportion    Cumulative 
 
1    3.36551238    0.79551583        0.1771        0.1771 
2    2.56999655    0.61919882        0.1353        0.3124 
3    1.95079773    0.40374876        0.1027        0.4151 
4    1.54704897    0.08029384        0.0814        0.4965 
5    1.46675514    0.02928518        0.0772        0.5737 
6    1.43746995    0.32768664        0.0757        0.6493 
7    1.10978331    0.06641666        0.0584        0.7078 
8    1.04336666    0.19218501        0.0549        0.7627 
9    0.85118164    0.11054005        0.0448        0.8075 
10    0.74064159    0.10407089        0.0390        0.8465 
11    0.63657070    0.11176978        0.0335        0.8800 
12    0.52480092    0.04624689        0.0276        0.9076 
13    0.47855403    0.06328591        0.0252        0.9328 
14    0.41526812    0.04698825        0.0219        0.9546 
15    0.36827987    0.06497810        0.0194        0.9740 
16    0.30330177    0.11656821        0.0160        0.9900 
17    0.18673356    0.18279645        0.0098        0.9998 
18    0.00393711    0.00393711        0.0002        1.0000 
19    0.00000000                      0.0000        1.0000 
 
8 factors will be retained by the NFACTOR criterion. 
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Model FA                                             3 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Scree Plot of Eigenvalues 
 
 
Scree Plot of Eigenvalues 
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Model FA                                             4 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Eigenvectors 
 
1               2               3               4 
 
Year             -0.01278         0.01654        -0.09939         0.30348 
Tide             -0.06579         0.03364        -0.38694        -0.25216 
MTL               0.18821        -0.12377         0.30237         0.06772 
Weather           0.39034         0.12118         0.05450        -0.29068 
Sun              -0.31722        -0.17636         0.08853         0.42008 
SR               -0.21739         0.06409         0.30915        -0.15061 
SR24             -0.24311         0.17860         0.31039        -0.12011 
WD               -0.00534         0.04251         0.36474         0.17131 
WDDegree          0.13650         0.31986         0.37579         0.11322 
WS                0.12587         0.53042        -0.01507         0.15471 
WSNumeric         0.12657         0.52693        -0.01557         0.15578 
WT               -0.06948        -0.26852         0.40491         0.13985 
SAL              -0.04095        -0.08976        -0.18293         0.21246 
RF                0.34639        -0.02188        -0.07810         0.27067 
RF24              0.26480        -0.13226         0.15883        -0.33182 
RF48              0.11688        -0.20394        -0.07996         0.24664 
RFTot             0.41943        -0.16242        -0.06140         0.25817 
WvsD0hr           0.34524        -0.09052         0.07667         0.10180 
WvsD24hr          0.21171        -0.25312         0.16353        -0.25569 
 
Eigenvectors 
 
5               6               7               8 
 
Year             -0.15451         0.17104        -0.68419        -0.14199 
Tide             -0.04964         0.01039         0.19701         0.41699 
MTL              -0.47257         0.25191         0.06660         0.07244 
Weather          -0.06767        -0.16834        -0.15220         0.03770 
Sun              -0.00062         0.20466         0.23129        -0.01062 
SR                0.14447        -0.10339         0.13685        -0.25555 
SR24              0.05115        -0.30573         0.22765         0.07227 
WD                0.31156        -0.25071        -0.36653         0.13837 
WDDegree          0.19876        -0.04504        -0.04350         0.20622 
WS                0.00719         0.29596         0.14546         0.04192 
WSNumeric        -0.00599         0.30658         0.14494         0.04352 
WT               -0.26105         0.11362         0.10863         0.31056 
SAL               0.21171        -0.09392        -0.10133         0.69859 
RF               -0.14293        -0.41880         0.17149        -0.11332 
RF24              0.23063         0.27866        -0.13820         0.12313 
RF48              0.50633         0.21642         0.18972        -0.13292 
RFTot             0.21433        -0.15059         0.20141        -0.12814 
WvsD0hr          -0.24160        -0.12712         0.11304         0.12939 
WvsD24hr          0.19582         0.35479         0.05571        -0.00395 
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Model FA                                             5 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Factor Pattern 
 
Factor1         Factor2         Factor3         Factor4 
 
RFTot             0.76946        -0.26038        -0.08576         0.32111 
Weather           0.71609         0.19427         0.07612        -0.36155 
RF                0.63547        -0.03508        -0.10908         0.33666 
WvsD0hr           0.63335        -0.14512         0.10709         0.12662 
RF24              0.48579        -0.21203         0.22185        -0.41272 
SR24             -0.44599         0.28631         0.43353        -0.14939 
Sun              -0.58195        -0.28273         0.12366         0.52250 
WS                0.23092         0.85033        -0.02105         0.19243 
WSNumeric         0.23220         0.84473        -0.02175         0.19376 
WT               -0.12746        -0.43048         0.56554         0.17394 
WDDegree          0.25042         0.51277         0.52487         0.14082 
WD               -0.00980         0.06815         0.50943         0.21307 
SR               -0.39880         0.10274         0.43180        -0.18732 
Tide             -0.12069         0.05392        -0.54044        -0.31364 
RF48              0.21442        -0.32694        -0.11168         0.30677 
MTL               0.34529        -0.19842         0.42233         0.08423 
WvsD24hr          0.38840        -0.40578         0.22841        -0.31803 
Year             -0.02344         0.02652        -0.13882         0.37747 
SAL              -0.07513        -0.14390        -0.25550         0.26426 
 
Factor Pattern 
 
Factor5         Factor6         Factor7         Factor8 
 
RFTot             0.25958        -0.18055         0.21218        -0.13089 
Weather          -0.08196        -0.20183        -0.16034         0.03851 
RF               -0.17311        -0.50212         0.18066        -0.11576 
WvsD0hr          -0.29260        -0.15241         0.11908         0.13216 
RF24              0.27931         0.33410        -0.14559         0.12577 
SR24              0.06195        -0.36656         0.23982         0.07382 
Sun              -0.00075         0.24537         0.24366        -0.01085 
WS                0.00871         0.35484         0.15323         0.04282 
WSNumeric        -0.00725         0.36757         0.15269         0.04446 
WT               -0.31616         0.13623         0.11444         0.31722 
WDDegree          0.24072        -0.05400        -0.04583         0.21064 
WD                0.37733        -0.30059        -0.38612         0.14134 
SR                0.17496        -0.12396         0.14417        -0.26103 
Tide             -0.06012         0.01246         0.20754         0.42594 
RF48              0.61321         0.25947         0.19986        -0.13578 
MTL              -0.57233         0.30202         0.07016         0.07400 
WvsD24hr          0.23715         0.42537         0.05869        -0.00403 
Year             -0.18713         0.20506        -0.72077        -0.14504 
SAL               0.25640        -0.11261        -0.10675         0.71358 
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Model FA                                             6 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Variance Explained by Each Factor 
 
Factor1     Factor2     Factor3     Factor4     Factor5     Factor6     Factor7     Factor8 
 
3.3655124   2.5699965   1.9507977   1.5470490   1.4667551   1.4374700   1.1097833   1.0433667 
 
 
Final Communality Estimates: Total = 14.490731 
 
Year           Tide            MTL        Weather            Sun             SR           SR24 
 
0.78062605     0.63618576     0.77322996     0.76169055     0.82659409   0.52603752   0.69230656 
 
WD       WDDegree             WS      WSNumeric             WT            SAL             RF 
 
0.71145892     0.72829996     0.96515208     0.96595493     0.78387741   0.76046988   0.85841626 
 
RF24            RF48           RFTot         WvsD0hr        WvsD24hr 
 
0.72715781      0.76117509      0.93245813      0.59018052      0.70945922 
 
 
Residual Correlations With Uniqueness on the Diagonal 
 
                Year         Tide          MTL      Weather          Sun           SR       SR24 
 
Year           0.21937      0.14676     -0.00039     -0.00005     -0.00908      0.15801   0.14770 
Tide           0.14676      0.36381      0.04922     -0.01504     -0.00064      0.10287  -0.00344 
MTL           -0.00039      0.04922      0.22677      0.04105     -0.06783      0.05469   0.01908 
Weather       -0.00005     -0.01504      0.04105      0.23831      0.01681      0.08727  -0.04965 
Sun           -0.00908     -0.00064     -0.06783      0.01681      0.17341     -0.02612  -0.02030 
SR             0.15801      0.10287      0.05469      0.08727     -0.02612      0.47396  -0.09779 
SR24           0.14770     -0.00344      0.01908     -0.04965     -0.02030     -0.09779   0.30769 
WD            -0.09293      0.13590      0.01835     -0.06008     -0.01293     -0.10547  -0.07676 
WDDegree       0.01475      0.06134      0.00016     -0.00575      0.05470     -0.04093  -0.05704 
WS             0.00438     -0.01343     -0.02155     -0.00867     -0.01579      0.03152   0.00750 
WSNumeric      0.00362     -0.01044     -0.02481     -0.00404     -0.01337      0.02789   0.00557 
WT             0.03662      0.06208     -0.07125      0.07325     -0.07913      0.05460  -0.03847 
SAL            0.02308     -0.17779      0.04483      0.05776     -0.02181      0.18100   0.01601 
RF             0.06774      0.04322     -0.02855     -0.04842      0.02520      0.07789   0.01775 
RF24           0.02931     -0.04655     -0.04880     -0.09092      0.08934      0.00090   0.07325 
RF48           0.02769      0.08221      0.11660      0.11394     -0.10722      0.00728   0.03147 
RFTot          0.07825      0.06557      0.02431     -0.00519     -0.01072      0.06784   0.05167 
WvsD0hr       -0.00313     -0.02179     -0.11901     -0.09891      0.06002     -0.03354   0.01594 
WvsD24hr       0.06470      0.01844     -0.08300     -0.07617      0.01943     -0.00381   0.05603 
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Model FA                                             7 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Residual Correlations With Uniqueness on the Diagonal 
 
                  WD     WDDegree           WS    WSNumeric          WT        SAL          RF 
 
Year          -0.09293      0.01475      0.00438      0.00362      0.03662    0.02308     0.06774 
Tide           0.13590      0.06134     -0.01343     -0.01044      0.06208   -0.17779     0.04322 
MTL            0.01835      0.00016     -0.02155     -0.02481     -0.07125    0.04483    -0.02855 
Weather       -0.06008     -0.00575     -0.00867     -0.00404      0.07325    0.05776    -0.04842 
Sun           -0.01293      0.05470     -0.01579     -0.01337     -0.07913   -0.02181     0.02520 
SR            -0.10547     -0.04093      0.03152      0.02789      0.05460    0.18100     0.07789 
SR24          -0.07676     -0.05704      0.00750      0.00557     -0.03847    0.01601     0.01775 
WD             0.28854     -0.10439      0.03009      0.03278      0.01348   -0.16423    -0.01421 
WDDegree      -0.10439      0.27170     -0.08658     -0.08466     -0.05867   -0.06814    -0.02892 
WS             0.03009     -0.08658      0.03485      0.03034      0.03367    0.02409     0.02896 
WSNumeric      0.03278     -0.08466      0.03034      0.03405      0.03651    0.01958     0.02790 
WT             0.01348     -0.05867      0.03367      0.03651      0.21612   -0.03702     0.03656 
SAL           -0.16423     -0.06814      0.02409      0.01958     -0.03702    0.23953     0.03631 
RF            -0.01421     -0.02892      0.02896      0.02790      0.03656    0.03631     0.14158 
RF24          -0.06508     -0.03585      0.01582      0.01090     -0.03291    0.02270     0.06431 
RF48           0.00991      0.01979     -0.02864     -0.02710      0.04732   -0.04495    -0.12497 
RFTot         -0.02470     -0.02332      0.01307      0.01163      0.04559    0.01243     0.06816 
WvsD0hr        0.02817      0.02494     -0.01249     -0.01259     -0.12523   -0.05449    -0.12517 
WvsD24hr       0.02720     -0.01655      0.02511      0.02742     -0.02767    0.02054     0.09968 
 
Residual Correlations With Uniqueness on the Diagonal 
 
                RF24            RF48           RFTot         WvsD0hr         WvsD24hr 
 
Year           0.02931         0.02769         0.07825        -0.00313         0.06470 
Tide          -0.04655         0.08221         0.06557        -0.02179         0.01844 
MTL           -0.04880         0.11660         0.02431        -0.11901        -0.08300 
Weather       -0.09092         0.11394        -0.00519        -0.09891        -0.07617 
Sun            0.08934        -0.10722        -0.01072         0.06002         0.01943 
SR             0.00090         0.00728         0.06784        -0.03354        -0.00381 
SR24           0.07325         0.03147         0.05167         0.01594         0.05603 
WD            -0.06508         0.00991        -0.02470         0.02817         0.02720 
WDDegree      -0.03585         0.01979        -0.02332         0.02494        -0.01655 
WS             0.01582        -0.02864         0.01307        -0.01249         0.02511 
WSNumeric      0.01090        -0.02710         0.01163        -0.01259         0.02742 
WT            -0.03291         0.04732         0.04559        -0.12523        -0.02767 
SAL            0.02270        -0.04495         0.01243        -0.05449         0.02054 
RF             0.06431        -0.12497         0.06816        -0.12517         0.09968 
RF24           0.27284        -0.12478         0.06359         0.00707        -0.09875 
RF48          -0.12478         0.23882        -0.01161        -0.00029        -0.12385 
RFTot          0.06359        -0.01161         0.06754        -0.10062        -0.01135 
WvsD0hr        0.00707        -0.00029        -0.10062         0.40982         0.03010 
WvsD24hr      -0.09875        -0.12385        -0.01135         0.03010         0.29054 
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Model FA                                             8 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Root Mean Square Off-Diagonal Residuals: Overall = 0.06183339 
 
Year           Tide            MTL        Weather            Sun             SR           SR24 
 
0.07291472     0.07770135     0.05725421     0.05958974     0.04748958     0.08116359     0.05692 
 
Root Mean Square Off-Diagonal Residuals: Overall = 0.06183339 
 
WD       WDDegree             WS      WSNumeric             WT            SAL             RF 
 
0.07262641     0.05245687     0.02975810     0.02915070     0.05627554     0.07899642  0.06322210 
 
Root Mean Square Off-Diagonal Residuals: Overall = 0.06183339 
 
RF24            RF48           RFTot         WvsD0hr        WvsD24hr 
 
0.06149153      0.07438947      0.04784131      0.06520977      0.05792466 
 
 
Partial Correlations Controlling Factors 
 
          Year         Tide          MTL      Weather          Sun           SR         SR24 
 
Year           1.00000      0.51950     -0.00174     -0.00021     -0.04654    0.49004    0.56850 
Tide           0.51950      1.00000      0.17137    -0.05108    -0.00256     0.24772     -0.01028 
MTL           -0.00174      0.17137      1.00000     0.17659    -0.34206     0.16682      0.07224 
Weather       -0.00021     -0.05108      0.17659     1.00000     0.08269     0.25967     -0.18334 
Sun           -0.04654     -0.00256     -0.34206     0.08269     1.00000    -0.09112     -0.08788 
SR             0.49004      0.24772      0.16682     0.25967    -0.09112     1.00000     -0.25607 
SR24           0.56850     -0.01028      0.07224    -0.18334    -0.08788    -0.25607      1.00000 
WD            -0.36937      0.41945      0.07173    -0.22913    -0.05782    -0.28521     -0.25762 
WDDegree       0.06042      0.19509      0.00065    -0.02261     0.25199    -0.11407     -0.19727 
WS             0.05008     -0.11928     -0.24246    -0.09519    -0.20312     0.24524      0.07244 
WSNumeric      0.04194     -0.09383     -0.28237    -0.04484    -0.17400     0.21953      0.05440 
WT             0.16820      0.22140     -0.32185     0.32276    -0.40876     0.17060     -0.14917 
SAL            0.10070     -0.60226      0.19235     0.24176    -0.10703     0.53718      0.05897 
RF             0.38434      0.19042     -0.15932    -0.26361     0.16086     0.30066      0.08505 
RF24           0.11979     -0.14776     -0.19618    -0.35658     0.41075     0.00251      0.25279 
RF48           0.12096      0.27890      0.50104     0.47760    -0.52689     0.02164      0.11611 
RFTot          0.64283      0.41832      0.19642    -0.04092    -0.09906     0.37914      0.35844 
WvsD0hr       -0.01043     -0.05644     -0.39039    -0.31648     0.22514    -0.07610      0.04490 
WvsD24hr       0.25628      0.05673     -0.32338    -0.28949     0.08658    -0.01028      0.18740 
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Model FA                                             9 
 
The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Partial Correlations Controlling Factors 
 
             WD          WDDegree           WS     WSNumeric      WT        SAL           RF 
 
Year          -0.36937      0.06042      0.05008     0.04194     0.16820     0.10070      0.38434 
Tide           0.41945      0.19509     -0.11928    -0.09383     0.22140    -0.60226      0.19042 
MTL            0.07173      0.00065     -0.24246    -0.28237    -0.32185     0.19235     -0.15932 
Weather       -0.22913     -0.02261     -0.09519    -0.04484     0.32276     0.24176     -0.26361 
Sun           -0.05782      0.25199     -0.20312    -0.17400    -0.40876    -0.10703      0.16086 
SR            -0.28521     -0.11407      0.24524     0.21953     0.17060     0.53718      0.30066 
SR24          -0.25762     -0.19727      0.07244     0.05440    -0.14917     0.05897      0.08505 
WD             1.00000     -0.37282      0.30005     0.33071     0.05396    -0.62469     -0.07031 
WDDegree      -0.37282      1.00000     -0.88976    -0.88022    -0.24212    -0.26709     -0.14746 
WS             0.30005     -0.88976      1.00000     0.88073     0.38794     0.26364      0.41230 
WSNumeric      0.33071     -0.88022      0.88073     1.00000     0.42558     0.21682      0.40189 
WT             0.05396     -0.24212      0.38794     0.42558     1.00000    -0.16269      0.20899 
SAL           -0.62469     -0.26709      0.26364     0.21682    -0.16269     1.00000      0.19717 
RF            -0.07031     -0.14746      0.41230     0.40189     0.20899     0.19717      1.00000 
RF24          -0.23193     -0.13167      0.16220     0.11305    -0.13553     0.08878      0.32722 
RF48           0.03773      0.07769     -0.31392    -0.30052     0.20828    -0.18795     -0.67960 
RFTot         -0.17691     -0.17218      0.26942     0.24259     0.37732     0.09773      0.69705 
WvsD0hr        0.08191      0.07476     -0.10452    -0.10655    -0.42078    -0.17392     -0.51965 
WvsD24hr       0.09393     -0.05890      0.24960     0.27565    -0.11041     0.07787      0.49147 
 
Partial Correlations Controlling Factors 
 
               RF24            RF48           RFTot         WvsD0hr        WvsD24hr 
 
Year           0.11979         0.12096         0.64283        -0.01043         0.25628 
Tide          -0.14776         0.27890         0.41832        -0.05644         0.05673 
MTL           -0.19618         0.50104         0.19642        -0.39039        -0.32338 
Weather       -0.35658         0.47760        -0.04092        -0.31648        -0.28949 
Sun            0.41075        -0.52689        -0.09906         0.22514         0.08658 
SR             0.00251         0.02164         0.37914        -0.07610        -0.01028 
SR24           0.25279         0.11611         0.35844         0.04490         0.18740 
WD            -0.23193         0.03773        -0.17691         0.08191         0.09393 
WDDegree      -0.13167         0.07769        -0.17218         0.07476        -0.05890 
WS             0.16220        -0.31392         0.26942        -0.10452         0.24960 
WSNumeric      0.11305        -0.30052         0.24259        -0.10655         0.27565 
WT            -0.13553         0.20828         0.37732        -0.42078        -0.11041 
SAL            0.08878        -0.18795         0.09773        -0.17392         0.07787 
RF             0.32722        -0.67960         0.69705        -0.51965         0.49147 
RF24           1.00000        -0.48881         0.46846         0.02116        -0.35075 
RF48          -0.48881         1.00000        -0.09142        -0.00093        -0.47016 
RFTot          0.46846        -0.09142         1.00000        -0.60478        -0.08101 
WvsD0hr        0.02116        -0.00093        -0.60478         1.00000         0.08722 
WvsD24hr      -0.35075        -0.47016        -0.08101         0.08722         1.00000 
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The FACTOR Procedure 
Initial Factor Method: Principal Factors 
 
Root Mean Square Off-Diagonal Partials: Overall = 0.29505059 
 
Year           Tide            MTL        Weather            Sun             SR           SR24 
 
0.30494732     0.27176092     0.24780529     0.23318536    0.23560264    0.26156688    0.21407047 
 
Root Mean Square Off-Diagonal Partials: Overall = 0.29505059 
 
WD       WDDegree             WS      WSNumeric             WT            SAL             RF 
 
0.27483356     0.33967913     0.37336863    0.37062194    0.27488974    0.28908970     0.36586900 
 
Root Mean Square Off-Diagonal Partials: Overall = 0.29505059 
 
RF24            RF48           RFTot         WvsD0hr        WvsD24hr 
 
0.26455833      0.33898201      0.36061760      0.25820722      0.24365338 
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The FACTOR Procedure 
Rotation Method: Varimax 
 
Orthogonal Transformation Matrix 
 
         1               2               3               4 
 
1         0.69821         0.22993        -0.49479         0.41628 
2        -0.18741         0.81280        -0.28090        -0.36300 
3        -0.13092         0.02486         0.02200         0.16208 
4         0.45453         0.22328         0.63044        -0.30994 
5         0.02173         0.03070         0.22468         0.49866 
6        -0.37035         0.42688         0.31612         0.56829 
7         0.30850         0.20952         0.33629         0.02089 
8        -0.14439         0.09458        -0.12183         0.02357 
 
Orthogonal Transformation Matrix 
 
          5               6               7               8 
 
1         0.13002         0.00391         0.15649        -0.01113 
2        -0.24173         0.14134        -0.08932        -0.08462 
3         0.54168         0.67260        -0.30516        -0.34140 
4         0.11123         0.28336         0.37207         0.13760 
5        -0.67001         0.41977        -0.19871         0.18668 
6         0.22712        -0.30679         0.32670        -0.07281 
7         0.09895        -0.41112        -0.75225        -0.05203 
8         0.32953         0.08926        -0.15453         0.90242 
 
 
Rotated Factor Pattern 
 
                  Factor1         Factor2         Factor3         Factor4 
 
RFTot             0.90008        -0.00217        -0.01847         0.32959 
RF                0.87221        -0.00270        -0.21749        -0.21538 
WvsD0hr           0.58068         0.02202        -0.28040         0.06753 
WSNumeric        -0.00087         0.97559        -0.07001        -0.06405 
WS                0.00195         0.97458        -0.07182        -0.06539 
Sun              -0.14619        -0.08913         0.86015        -0.13762 
Weather           0.30721         0.12509        -0.77597         0.19397 
WvsD24hr          0.03908        -0.10506        -0.06568         0.80569 
RF24             -0.01846        -0.01469        -0.33203         0.77214 
RF48              0.36353         0.00791         0.48024         0.54897 
MTL               0.14793         0.08047        -0.07125         0.14756 
WT               -0.07111        -0.22388         0.27796         0.07059 
WD               -0.00947        -0.07089        -0.02607         0.00031 
WDDegree          0.05471         0.51351        -0.17167         0.05289 
Tide             -0.16957         0.01986        -0.15672        -0.06872 
Year             -0.11302         0.01405         0.03713        -0.15413 
SR               -0.30750        -0.08131         0.14027        -0.06161 
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The FACTOR Procedure 
Rotation Method: Varimax 
 
Rotated Factor Pattern 
 
                  Factor1         Factor2         Factor3         Factor4 
 
SR24             -0.28928         0.01024         0.02529        -0.34369 
SAL               0.03938        -0.07666         0.13774        -0.02390 
 
Rotated Factor Pattern 
 
                  Factor5         Factor6         Factor7         Factor8 
 
RFTot            -0.08481         0.06495         0.03937         0.01938 
RF                0.05113         0.01633         0.01347        -0.03015 
WvsD0hr           0.40628        -0.02335         0.02485         0.05564 
WSNumeric        -0.04613        -0.01403         0.03941        -0.03592 
WS               -0.06150        -0.00292         0.03051        -0.03440 
Sun               0.19454         0.01226        -0.01045         0.01961 
Weather           0.05306         0.07588         0.00197        -0.05765 
WvsD24hr          0.17914        -0.04777        -0.04269        -0.08511 
RF24              0.10446         0.09003         0.01743         0.02890 
RF48             -0.29635         0.04995         0.04454         0.06828 
MTL               0.81438        -0.07391         0.12240        -0.18535 
WT                0.77180         0.17509        -0.11714         0.08008 
WD               -0.03082         0.83459         0.01164         0.08970 
WDDegree          0.09991         0.62165        -0.17794         0.03535 
Tide             -0.15235        -0.52159        -0.18141         0.49958 
Year              0.01017         0.15916         0.84556        -0.04590 
SR               -0.08076         0.27921        -0.41643        -0.37882 
SR24              0.01431         0.33444        -0.60712        -0.09544 
SAL              -0.05678         0.13216         0.05968         0.84217 
 
 
Variance Explained by Each Factor 
 
Factor1     Factor2     Factor3     Factor4     Factor5     Factor6     Factor7     Factor8 
 
2.4092018   2.2755020   2.0012144   1.9517489   1.6553602   1.6477834   1.3630072   1.1869127 
 
 
Final Communality Estimates: Total = 14.490731 
 
Year           Tide            MTL        Weather            Sun             SR           SR24 
 
0.78062605     0.63618576     0.77322996    0.76169055    0.82659409    0.52603752     0.69230656 
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The FACTOR Procedure 
Rotation Method: Varimax 
 
WD            WDDegree          WS       WSNumeric          WT          SAL             RF 
 
0.71145892     0.72829996     0.96515208    0.96595493    0.78387741    0.76046988     0.85841626 
 
RF24            RF48           RFTot         WvsD0hr        WvsD24hr 
 
0.72715781      0.76117509      0.93245813      0.59018052      0.70945922 
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The FACTOR Procedure 
Rotation Method: Varimax 
 
Scoring Coefficients Estimated by Regression 
 
 
 
Squared Multiple Correlations of the Variables with Each Factor 
 
Factor1     Factor2     Factor3     Factor4     Factor5     Factor6     Factor7     Factor8 
 
1.0000000   1.0000000   1.0000000   1.0000000   1.0000000   1.0000000   1.0000000   1.0000000 
 
 
Standardized Scoring Coefficients 
  
                  Factor1         Factor2         Factor3         Factor4 
 
RFTot             0.00000         0.00000         0.00000         0.00000 
RF                0.76612        -0.05330         0.07990        -0.18535 
WvsD0hr           0.22173         0.00009        -0.08213        -0.07213 
WSNumeric        -0.01356         0.45257         0.07305         0.01551 
WS               -0.01078         0.45058         0.07209         0.01525 
Sun               0.05111         0.06568         0.45972        -0.02536 
Weather           0.02394        -0.02928        -0.38301         0.03009 
WvsD24hr         -0.08780        -0.00279         0.00835         0.43785 
RF24             -0.04563        -0.00290        -0.12140         0.44032 
RF48              0.39635         0.06704         0.42110         0.35499 
MTL               0.00548         0.07604         0.00138         0.01677 
WT               -0.03377        -0.02834         0.12222         0.01287 
WD               -0.02245        -0.08333        -0.05524        -0.00583 
 
Standardized Scoring Coefficients 
 
                  Factor5         Factor6         Factor7         Factor8 
 
RFTot             0.00000         0.00000         0.00000         0.00000 
RF               -0.09392         0.03545        -0.12052        -0.08278 
WvsD0hr           0.23889        -0.03115        -0.04710         0.07441 
WSNumeric         0.02645        -0.05856         0.00588         0.00421 
WS                0.01620        -0.05132         0.00001         0.00503 
Sun               0.13342        -0.02166        -0.01860         0.00274 
Weather           0.00795         0.05385        -0.00411        -0.01362 
WvsD24hr          0.05657        -0.04637        -0.05469        -0.05378 
RF24             -0.01001         0.07403        -0.00416         0.05527 
RF48             -0.29518         0.05486        -0.06119        -0.02153 
MTL               0.49411        -0.09739         0.06480        -0.08845 
WT                0.48144         0.06821        -0.08836         0.15296 
WD               -0.05966         0.54568         0.09009         0.13118 
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Model FA                                            15 
 
The FACTOR Procedure 
Rotation Method: Varimax 
 
Standardized Scoring Coefficients 
 
                  Factor1         Factor2         Factor3         Factor4 
 
WDDegree         -0.00370         0.20574        -0.04304         0.03833 
Tide             -0.09020         0.03689        -0.11538        -0.00659 
Year             -0.12248        -0.03275        -0.03224        -0.09320 
SR               -0.06351        -0.04588         0.04964         0.01686 
SR24             -0.03458        -0.01155        -0.02879        -0.14733 
SAL              -0.00592         0.00070         0.03042        -0.00638 
 
Standardized Scoring Coefficients 
 
                  Factor5         Factor6         Factor7         Factor8 
 
WDDegree          0.06126         0.35067        -0.09943         0.12067 
Tide              0.00011        -0.30127        -0.19116         0.41570 
Year             -0.00700         0.17999         0.69249        -0.06879 
SR               -0.08774         0.12054        -0.24565        -0.29827 
SR24              0.02396         0.15077        -0.39963        -0.01806 
SAL               0.03962         0.15032         0.01137         0.73373 
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Regression Analyses on Factor Scores Predicting lnENT 
 
The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Number of Observations Read         992 
Number of Observations Used         992 
 
Stepwise Selection: Step 1 
 
 
Variable Factor7 Entered: R-Square = 0.0663 and C(p) = 65.4053 
 
 
Analysis of Variance 
 
Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     1      155.87699      155.87699      70.30    <.0001 
  Error                   990     2195.19514        2.21737 
  Corrected Total         991     2351.07213 
 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept      4.12358      0.04728        16868  7607.17  <.0001 
Factor7        0.39660      0.04730    155.87699    70.30  <.0001 
 
Bounds on condition number: 1, 1 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 2 
 
 
Variable Factor6 Entered: R-Square = 0.0880 and C(p) = 42.9326 
 
 
Analysis of Variance 
 
Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     2      206.87572      103.43786      47.71    <.0001 
  Error                   989     2144.19640        2.16804 
  Corrected Total         991     2351.07213 
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Regression Analyses on Factor Scores Predicting lnENT 
 
The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 2 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept      4.12358      0.04675        16868  7780.24  <.0001 
Factor6        0.22685      0.04677     50.99874    23.52  <.0001 
Factor7        0.39660      0.04677    155.87699    71.90  <.0001 
 
Bounds on condition number: 1, 4 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 3 
 
 
Variable Factor5 Entered: R-Square = 0.1045 and C(p) = 26.3196 
 
 
Analysis of Variance 
 
Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     3      245.66343       81.88781      38.43    <.0001 
  Error                   988     2105.40870        2.13098 
     Corrected Total         991     2351.07213 
 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept      4.12358      0.04635        16868  7915.56  <.0001 
Factor5        0.19784      0.04637     38.78770    18.20  <.0001 
Factor6        0.22685      0.04637     50.99874    23.93  <.0001 
Factor7        0.39660      0.04637    155.87699    73.15  <.0001 
 
Bounds on condition number: 1, 9 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 4 
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Regression Analyses on Factor Scores Predicting lnENT 
 
The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 4 
 
Variable Factor8 Entered: R-Square = 0.1166 and C(p) = 14.6255 
 
 
Analysis of Variance 
 
Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     4      274.20055       68.55014      32.58    <.0001 
  Error                   987     2076.87158        2.10423 
  Corrected Total         991     2351.07213 
 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept      4.12358      0.04606        16868  8016.20  <.0001 
Factor5        0.19784      0.04608     38.78770    18.43  <.0001 
Factor6        0.22685      0.04608     50.99874    24.24  <.0001 
Factor7        0.39660      0.04608    155.87699    74.08  <.0001 
Factor8       -0.16969      0.04608     28.53712    13.56  0.0002 
 
Bounds on condition number: 1, 16 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 5 
 
 
Variable Factor2 Entered: R-Square = 0.1267 and C(p) = 5.2848 
 
 
Analysis of Variance 
 
Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     5      297.83347       59.56669      28.60    <.0001 
  Error                   986     2053.23866        2.08239 
  Corrected Total         991     2351.07213 
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Regression Analyses on Factor Scores Predicting lnENT 
 
The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 5 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept      4.12358      0.04582        16868  8100.25  <.0001 
Factor2        0.15443      0.04584     23.63292    11.35  0.0008 
Factor5        0.19784      0.04584     38.78770    18.63  <.0001 
Factor6        0.22685      0.04584     50.99874    24.49  <.0001 
Factor7        0.39660      0.04584    155.87699    74.85  <.0001 
Factor8       -0.16969      0.04584     28.53712    13.70  0.0002 
 
Bounds on condition number: 1, 25 
-------------------------------------------------------------------------------------------------
--- 
 
 
All variables left in the model are significant at the 0.0500 level. 
 
No other variable met the 0.1500 significance level for entry into the model. 
 
 
 
Summary of Stepwise Selection 
 
Variable     Variable     Number     Partial      Model 
Step    Entered      Removed      Vars In    R-Square    R-Square     C(p)      F Value    Pr > F 
 
1     Factor7                       1       0.0663      0.0663     65.4053      70.30    <.0001 
2     Factor6                       2       0.0217      0.0880     42.9326      23.52    <.0001 
3     Factor5                       3       0.0165      0.1045     26.3196      18.20    <.0001 
4     Factor8                       4       0.0121      0.1166     14.6255      13.56    0.0002 
5     Factor2                       5       0.0101      0.1267      5.2848      11.35    0.0008 
 
 
 
 
 
 
 
Multiple Linear Regression Model 
SAS 9.2 Code 
dm 'output;clear;log;clear'; 
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options date pageno=1 ls=110;  
DM "output;clear;log;clear"; 
 OPTIONS nodate pageno=1 ls=100; 
 
 LIBNAME SAS_DATA "H:\Course Work\Grad School\EXST 7037\sas_data"; 
  
 ODS HTML FILE="H:\Research\Thesis\Paper 4\sas_output\indexC.html"; 
  
 FILENAME GRAFOUT "H:\Research\Thesis\Paper 4\sas_output";  
 GOPTIONS DEVICE=png GSFNAME=grafout GSFMODE=append;  
  
 TITLE1 "MLR"; 
Data model_data; 
Set sas_data.model_data; 
run; 
proc reg data=model_data;  
model lnENT = year mtl weather sun sr sr24 wddegree wsnumeric wt sal rf rf24 
rf48 rftot /selection=stepwise sls=.05; 
run; 
ODS HTML CLOSE; 
 
SAS 9.2 Output 
MLR                                                1 
 
The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Number of Observations Read         992 
Number of Observations Used         992 
 
Stepwise Selection: Step 1 
 
 
Variable Year Entered: R-Square = 0.1101 and C(p) = 110.0204 
 
 
Analysis of Variance 
 
             Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     1      258.87084      258.87084     122.49    <.0001 
  Error                   990     2092.20129        2.11333 
  Corrected Total         991     2351.07213 
 
 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS   F Value  Pr > F 
 
Intercept   -605.29980     55.06325    255.37928   120.84  <.0001 
Year           0.30355      0.02743    258.87084   122.49  <.0001 
 
Bounds on condition number: 1, 1 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 2 
169 
 
 
Variable SAL Entered: R-Square = 0.1322 and C(p) = 84.7278 
 
 
Analysis of Variance 
 
             Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     2      310.87506      155.43753      75.35    <.0001 
  Error                   989     2040.19707        2.06289 
  Corrected Total         991     2351.07213 
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MLR                                                2 
 
The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 2 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -620.52182     54.48650    267.55436   129.70  <.0001 
Year           0.31154      0.02714    271.74030   131.73  <.0001 
SAL           -0.03410      0.00679     52.00422    25.21  <.0001 
 
Bounds on condition number: 1.0034, 4.0138 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 3 
 
 
Variable WT Entered: R-Square = 0.1555 and C(p) = 57.9640 
 
 
Analysis of Variance 
 
              Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     3      365.68251      121.89417      60.66    <.0001 
  Error                   988     1985.38961        2.00950 
  Corrected Total         991     2351.07213 
 
 
                              Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -631.39629     53.81716    276.59947   137.65  <.0001 
Year           0.31564      0.02680    278.70088   138.69  <.0001 
WT             0.03389      0.00649     54.80746    27.27  <.0001 
SAL           -0.03604      0.00671     57.91439    28.82  <.0001 
 
Bounds on condition number: 1.0065, 9.0438 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 4 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 4 
 
Variable WSNumeric Entered: R-Square = 0.1729 and C(p) = 38.5137 
 
 
Analysis of Variance 
 
              Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     4      406.55454      101.63863      51.59    <.0001 
  Error                   987     1944.51759        1.97013 
  Corrected Total         991     2351.07213 
 
 
                              Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -618.45110     53.36304    264.62102   134.32  <.0001 
Year           0.30871      0.02658    265.73495   134.88  <.0001 
WSNumeric      0.04161      0.00913     40.87202    20.75  <.0001 
WT             0.04134      0.00663     76.58583    38.87  <.0001 
SAL           -0.03352      0.00667     49.74341    25.25  <.0001 
 
Bounds on condition number: 1.0778, 16.671 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 5 
 
 
Variable RFTot Entered: R-Square = 0.1816 and C(p) = 29.8477 
 
 
Analysis of Variance 
 
              Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     5      426.87788       85.37558      43.75    <.0001 
  Error                   986     1924.19425        1.95152 
  Corrected Total         991     2351.07213 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 5 
 
       Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -625.18589     53.15134    269.99883   138.35  <.0001 
Year           0.31199      0.02648    271.00778   138.87  <.0001 
WSNumeric      0.04203      0.00909     41.69608    21.37  <.0001 
WT             0.04270      0.00661     81.37414    41.70  <.0001 
SAL           -0.03511      0.00666     54.26393    27.81  <.0001 
RFTot          0.16107      0.04991     20.32334    10.41  0.0013 
 
Bounds on condition number: 1.078, 25.949 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 6 
 
 
Variable Sun Entered: R-Square = 0.1857 and C(p) = 26.7233 
 
 
Analysis of Variance 
 
              Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     6      436.64198       72.77366      37.44    <.0001 
  Error                   985     1914.43015        1.94358 
  Corrected Total         991     2351.07213 
 
 
                             Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -618.09023     53.13761    262.96811   135.30  <.0001 
Year           0.30852      0.02647    264.10120   135.88  <.0001 
Sun            0.30525      0.13619      9.76410     5.02  0.0252 
WSNumeric      0.04381      0.00911     44.95356    23.13  <.0001 
WT             0.03800      0.00692     58.54137    30.12  <.0001 
SAL           -0.03665      0.00668     58.51495    30.11  <.0001 
RFTot          0.18640      0.05108     25.88628    13.32  0.0003 
 
Bounds on condition number: 1.2083, 39.486 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 7 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 7 
 
Variable Weather Entered: R-Square = 0.2021 and C(p) = 8.4971 
 
 
Analysis of Variance 
 
             Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     7      475.18158       67.88308      35.61    <.0001 
  Error                   984     1875.89054        1.90639 
  Corrected Total         991     2351.07213 
 
 
     Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -629.41933     52.68703    272.07276   142.72  <.0001 
Year           0.31383      0.02624    272.71110   143.05  <.0001 
Weather        0.26890      0.05981     38.53961    20.22  <.0001 
Sun            0.91028      0.19053     43.51643    22.83  <.0001 
WSNumeric      0.03902      0.00908     35.17033    18.45  <.0001 
WT             0.03181      0.00700     39.43195    20.68  <.0001 
SAL           -0.03532      0.00662     54.23539    28.45  <.0001 
RFTot          0.11702      0.05289      9.33291     4.90  0.0272 
 
Bounds on condition number: 2.411, 72.416 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 8 
 
 
Variable MTL Entered: R-Square = 0.2039 and C(p) = 8.2618 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 8 
 
Analysis of Variance 
 
              Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     8      479.44081       59.93010      31.48    <.0001 
  Error                   983     1871.63132        1.90400 
  Corrected Total         991     2351.07213 
 
 
                              Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -640.52000     53.17446    276.26507   145.10  <.0001 
Year           0.31912      0.02646    276.94315   145.45  <.0001 
MTL           -0.12358      0.08262      4.25923     2.24  0.1351 
Weather        0.28835      0.06117     42.31361    22.22  <.0001 
Sun            0.91884      0.19049     44.29901    23.27  <.0001 
WSNumeric      0.04069      0.00915     37.67781    19.79  <.0001 
WT             0.03829      0.00822     41.27803    21.68  <.0001 
SAL           -0.03761      0.00679     58.37239    30.66  <.0001 
RFTot          0.12611      0.05320     10.69778     5.62  0.0180 
 
Bounds on condition number: 2.5092, 101.1 
-------------------------------------------------------------------------------------------------
--- 
 
Stepwise Selection: Step 9 
 
 
Variable MTL Removed: R-Square = 0.2021 and C(p) = 8.4971 
 
 
Analysis of Variance 
 
               Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                     7      475.18158       67.88308      35.61    <.0001 
  Error                   984     1875.89054        1.90639 
  Corrected Total         991     2351.07213 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: lnENT 
 
Stepwise Selection: Step 9 
 
Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept   -629.41933     52.68703    272.07276   142.72  <.0001 
Year           0.31383      0.02624    272.71110   143.05  <.0001 
Weather        0.26890      0.05981     38.53961    20.22  <.0001 
Sun            0.91028      0.19053     43.51643    22.83  <.0001 
WSNumeric      0.03902      0.00908     35.17033    18.45  <.0001 
WT             0.03181      0.00700     39.43195    20.68  <.0001 
SAL           -0.03532      0.00662     54.23539    28.45  <.0001 
RFTot          0.11702      0.05289      9.33291     4.90  0.0272 
 
Bounds on condition number: 2.411, 72.416 
-------------------------------------------------------------------------------------------------
--- 
 
 
All variables left in the model are significant at the 0.0500 level. 
 
The stepwise method terminated because the next variable to be entered was just removed. 
 
 
 
Summary of Stepwise Selection 
        Variable     Variable     Number     Partial      Model 
Step    Entered      Removed      Vars In    R-Square    R-Square     C(p)      F Value    Pr > F 
 
1     Year                          1       0.1101      0.1101     110.020     122.49    <.0001 
2     SAL                           2       0.0221      0.1322     84.7278      25.21    <.0001 
3     WT                            3       0.0233      0.1555     57.9640      27.27    <.0001 
4     WSNumeric                     4       0.0174      0.1729     38.5137      20.75    <.0001 
5     RFTot                         5       0.0086      0.1816     29.8477      10.41    0.0013 
6     Sun                           6       0.0042      0.1857     26.7233       5.02    0.0252 
7     Weather                       7       0.0164      0.2021      8.4971      20.22    <.0001 
8     MTL                           8       0.0018      0.2039      8.2618       2.24    0.1351 
9                  MTL              7       0.0018      0.2021      8.4971       2.24    0.1351 
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